Geology, Geochemistry and Age of Intrusion-Related Mineralisation in Eastern Mexico by Poliquin, Morgan James
GEOLOGY, GEOCHEMISTRY AND AGE OF
INTRUSION-RELATED MINERALISATION
IN EASTERN MEXICO
Submitted by
 
Morgan James Poliquin, 
to the
UNIVERSITY OF EXETER 
as a dissertation for the degree of DOCTOR OF PHILOSOPHY by Research
in
EARTH RESOURCES, 
September, 2009
 
This dissertation is available for Library use on the understanding that it  is copyright 
material  and  that  no  quotation  from  the  thesis  may  be  published  without  proper 
acknowledgment. 
I  certify  that  all  material  in  this  dissertation  which  is  not  my  own  work  has  been 
identified and that no material has previously been submitted and approved for the award 
of a degree by this or any other University. 
.........................................................................................
Morgan J. Poliquin, M.Sc., P.Eng.
ACKNOWLEDGMENTS
This thesis is dedicated to my father and lifelong business partner, J. Duane Poliquin. He 
introduced me to the field of geology and mineral exploration at the age of four when I 
began to work as his field assistant in Nevada.  His friendship,  good humour,  empirical 
mind  and enjoyment  of  the  outdoors  opened  my eyes  to  the  possibility  of  a  world  of 
adventure for which I will always be grateful. His support for the ideas that this project is 
based upon allowed it  to get off the ground when funding was very difficult.  Almaden 
Minerals and BHP Billiton financed the exploration programs that made this field work and 
research possible. I am grateful to all those who believed in the ideas enough to make this 
happen.
Many  geologists  and  field  staff  contributed  to  the  exploration  programs  of  Almaden 
Minerals over the years in eastern Mexico. All of their efforts have enabled the exploration 
efforts that made this research project possible. Deserving particular mention are geologists 
Angus Campbell, Peter Daubeny, Anna Fonseca, Tom Ullrich, and Bill Wengzynowski and 
field technicians Marc Beaupre, Bill Donald-Hill, Ricardo Hernandez and Barry Sullivan 
who accompanied me into the Mexican unknown. Mel Caine's good humour and flying 
skills kept me upbeat and alive during many hours of dangerous flying in Mexico. Sadly the 
Hughes 500 we flew in, N61735, will not be a part of future adventures. I wish she could 
have kept her last pilot as safe as she did us, may he rest in peace.
This  dissertation  was encouraged from afar  by my advisor  at  the  Camborne  School  of 
Mines, Dr. Robin Shail. I am grateful for all his support, especially that during the final 
painful stages of completion. I am also very thankful for the very helpful comments of Dr. 
Jens Anderson, Senior Lecturer in igneous petrology at the Camborne School of Mines.
This research project could not have been possible without the isotopic analytical work of 
the Pacific Centre for Isotopic and Geochemical Research (PCIGR) at the University of 
British  Columbia.  Professor  Jim  Mortensen,  who  heads  the  PCIGR,  encouraged  and 
supported this project from its inception. His thoughtful comments, reviews and support 
made this thesis much better; the isotopic work of the PCIGR made it possible. I also wish 
2
to thank the staff of the PCIGR at the time of this project, Janet Gabites and Tom Ullrich.
I am very grateful to T. James Reynolds of FLUID INC., Denver, Colorado who greatly 
helped me with my fluid inclusion observations. I thought I knew something about fluid 
inclusions until I met Jim. He opened my eyes to the possibilities and usefulness of fluid 
inclusion petrography. His time, instruction, observations, reviews and patience are most 
gratefully acknowledged.
My family has been my biggest support throughout my life. Anything I achieve is shared 
with them: my father, mother, sister and wife, Erin. They all got me through tough times 
and helped me make trips to Mexico when I sometimes didn't want to go. My wife has put 
up with long absences and supported me through the process of writing this dissertation 
despite a move and our first pregnancy. Her kindness, love and support make everything 
difficult worthwhile as she always helps me to see the great joys of life. As a relevant case 
in point after our first date I went to Mexico for a long stretch only to contract a severe case 
of histoplasmosis in an old mine working. Her joi de vivre helped me regain my health over 
several months of illness and we have never looked back.
3
ABSTRACT
Examination  of  igneous  intrusions  and  related  mineral  deposits  in  eastern  Mexico 
(including the determination of 26 new zircon U-Pb ages, 6 new mineral Ar-Ar ages and 26 
new sulphide and feldspar Pb isotope and 61 new whole-rock geochemical data) revealed a 
spectrum  of  Eocene  to  Pleistocene  mineral  deposits  and  important  aspects  of  the 
metallogenic  history  of  Mexico.  The  synthesis  of  these  data  with  recent  tectonic 
reconstructions suggest the character of igneous rocks and mineral deposits was controlled 
by  two  periods  of  ocean  ridge  subduction  and  contemporaneous  slab  steepening  and 
flattening.
Mineralisation occurred in four epochs:  (1) Eocene  ~  43 to  38 Ma Cu (Au) skarn and 
porphyry deposits in northeastern Mexico; (2) Miocene,  ~18 to 9 Ma Cu (Au) porphyry, 
skarn  and  high-sulphidation  epithermal  deposits  in  the  Trans  Mexican  Volcanic  Belt 
(TMVB) and Oaxaca; (3) Pliocene  ~ 4.5 Ma  low-sulphidation epithermal deposits in the 
TMVB; and (4) Pliocene to Pleistocene ~ 2.5-2.0 Ma Cu (Au) skarn and porphyry deposits 
in Chiapas. The intrusions of the Eocene and Miocene epochs are high-K, have adakite-like 
geochemistry including Sr/Y up to ~108 and ~85 respectively and La/Yb ratios up to ~38 
and  ~27  respectively,  and  were  followed  by  alkaline  magmatism.  All  episodes  of 
mineralisation are interpreted to have occurred above areas of slab steepening following 
periods of flat slab subduction.
Shallow emplacement of Miocene ~ 9.0-8.0 Ma diorite stocks in the TMVB caused flashing 
of hydrothermal fluids, banded quartz vein formation and Au deposition which overprint 
potassic  alteration  and  Cu-Au  mineralisation.  Barren  quartz-alunite  zones  formed 
contemporaneously with potassic alteration at higher elevations. Later fluids deposited Au 
in some quartz-alunite zones. 
There is little difference in Pb isotope compositions of feldspar and sulphides or variation 
over time, their compositions ranging from 18.3208 to 19.1637 for 206Pb/204Pb, 15.4541 to 
15.6675 for  207Pb/204Pb and 38.3096 to 39.2193 for  208Pb/204Pb. This may reflect  similar 
tectonic environments and magma sources for Pb.
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CHAPTER 1: INTRODUCTION
1.1 Igneous Rocks and Mineralisation in Eastern Mexico- Statement of Problem 
The  temporal  and  spatial  distribution  of  intrusive  rocks  and  related  hydrothermal 
mineralisation in eastern Mexico are not well understood. The author first became aware of 
these problems during M.Sc. dissertation research at the Emperor Gold Deposit in the Fiji 
Islands. There, shoshonitic (high-K and calc-alkaline) andesites and basalts are the host 
rocks to genetically associated epithermal and porphyry-style Au and Cu mineralisation. As 
part of research for this earlier project the author encountered a study by Negendank et al. 
(1985), which described volcanic rocks in the State of Veracruz in eastern Mexico similar to 
those  in  Fiji.  During  a  field  visit  to  this  area  in  late  1994  the  author  identified 
hydrothermally  altered  high-K intrusive  and  volcanic  rocks  and associated  Au and  Cu 
mineralisation. At that time alteration and mineralisation in the area, now known as the 
Caballo Blanco prospect, had not been recognised or described in any previous geological 
literature; the work by Negendank et al. (1985) had classified high silica rocks now known 
to  be  hydrothermal  in  origin  as  silixtites  having  an  igneous  rather  than  hydrothermal 
genesis.
Exploration continues at Caballo Blanco and although the results of this work are promising 
an  economic  deposit  has  yet  to  be  found  there.  Nevertheless  the  exciting  nature  of 
encountering previously unrecognised mineralisation led the author to initiate and organise 
funding for a large regional mineral exploration program which concentrated on identifying 
further  Cu and Au prospects  in  eastern  Mexico.  This  program began in  1998 and has 
continued unabated to the present day. It has been funded by several exploration companies 
over this time, principally Almaden Minerals Ltd. The success of the exploration depended 
upon an understanding of the spatial and temporal distribution of the igneous rocks that are 
genetically associated with the sought after Cu and Au mineralisation.
In ancient and active volcanic  arcs around the world high-K igneous rocks and related 
magmatic hydrothermal mineralisation have proven to be enigmatic to geologists who study 
and  search  for  them.  This  no  doubt  partly  results  from the  scarcity  of  these  rocks  in 
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volcanic arcs and the notably large Au and Cu endowments of some of the mineral deposits 
associated with them. High-K igneous rocks have long been established as being closely 
related to  magmatic hydrothermal Au and Cu-Au deposits  (Mitchell  and Garson,  1981; 
Richards,  1990;  Muller  and Groves,  1995;  Richards,  1995;  Poliquin,  1996;  Jenson and 
Barton, 2000; Sillitoe, 2002). More recently this has also been found true of arc-related 
igneous rocks having the relatively newly defined classification adakite (e.g. Thieblemont 
et al., 1997; Sajona and Maury, 1998; Oyarzun et al. 2001) although the linkage between 
mineral  deposits  and  adakitic  magmatism  remains  contentious  (Richards  and  Kerrich, 
2007). In the last decade geochemical studies of volcanic rocks in the TMVB and Oaxaca 
have identified rocks with adakitic affinities (Gomez-Tuena et al., 2007; Mori et al., 2007; 
Martinez-Serrano et al., 2008).
The intelligent search for mineral deposits requires an understanding of the controls on 
mineral deposition. Many of the deposits in eastern Mexico, including Caballo Blanco, are 
clearly related to igneous rocks. The problem presented to the explorationist and otherwise 
interested observer alike is that little is known of the nature and controls of mineralisation 
and related igneous rocks, high-K, adakitic or not, in eastern Mexico. The current study 
represents a unique opportunity to investigate and interpret newly identified and historically 
exploited mineralisation in a poorly understood and explored geologic terrane in the light of 
new  geochronological  and  geochemical  results.  It  provides  a  new  contribution  to  the 
understanding of the timing and distribution of intrusion-related magmatic hydrothermal 
systems in eastern Mexico particularly given that some of the altered and mineralised areas 
studied were actually identified during the course of the research.
1.2 Study Area
Igneous rocks and hydrothermal mineralisation were examined throughout eastern Mexico, 
from the United States border to the State of Chiapas at the southern end of the study area 
(Figure 1.1). 
Many mineral deposits and showings were examined over this broad area of Mexico but 
several were studied in more detail, including the San Carlos, Caballo Blanco, Caldera and
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Figure 1.3. Location of Study areas, Magmatic Sequences and Volcanoes of the TMVB.
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Tuligtic prospects. The work was carried out over multiple field seasons from 2002 to 2008 
and  was  supported  by  trucks  and  helicopters  made  available  through  the  exploration 
programs of Almaden Minerals Ltd. Figures 1.1, 1.2 and 1.3 show the area of study and 
magmatic provinces of Mexico. These Figures will be referred to elsewhere in the text.
1.3 Purpose of Research
Some  past  studies  have  identified  the  presence  of  igneous  rocks  and  associated 
mineralisation  in  eastern  Mexico,  however  no  modern  investigation  of  this  area  has 
attempted  to  provide  a  metallogenic  synthesis  relating  magmatic  activity  and  mineral 
deposits though space and time. Subsequent to the Caballo Blanco discovery the following 
three questions arose:
• What  is  the  spatial  and  temporal  distribution  of  intrusive  rocks  and  related 
mineralisation in eastern Mexico? 
• Is there a unique age or geochemical signature for intrusive rock suites with which 
magmatic hydrothermal mineralisation is associated? 
• Most importantly from an exploration perspective, can prospective mineralisation 
be fingerprinted in such a way that future exploration can be refined and directed?
The present study seeks to address these three questions. The research neatly dovetailed 
with the exploration program allowing an unparalleled opportunity for the author to address 
these problems empirically. In order to provide a broad framework for the establishment of 
a regional metallogenic interpretation of alteration and mineralisation in eastern Mexico 
most  of  the  mineral  deposits  are  studied  in  a  preliminary  fashion.  In  many  cases  the 
investigations of the prospects of this study are the first ever undertaken. In fact some of the 
mineral prospects examined were actually discovered during the course of the field work of 
this dissertation.
The purpose of this PhD thesis is to present original data on the geology, geochemistry and 
age  of  mineralisation  and  related  intrusions  within  the  study  area  of  eastern  Mexico, 
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evaluate  the  genesis  and  controls  on  mineralisation  and  interpret  the  origin  of 
mineralisation in the context of well studied examples from around the world. Original field 
and  laboratory data  including  mapping,  petrographic  and infrared  spectrometer  studies, 
whole rock major and trace element studies and stable and radiogenic isotopic studies are 
presented.
1.4 Methods
The  research  is  regional  and  multidisciplinary  in  orientation,  involving  many 
methodologies in order to address the problems identified. 
Field work was carried out by the author over multiple seasons from 2002 to 2008. The 
majority of the samples analysed were collected during field work conducted in 2002, 2003 
2004 and 2005. Field work commonly made use of a Hughes 500D helicopter. This proved 
necessary because the sites were distributed over a large area of Mexico and many of the 
locations  of  intrusive  rocks  and  mineralised  zones  were  extremely  remote.  During  the 
course  of  field  work  specimens  of  igneous  material  and  hydrothermal  alteration  were 
collected  for  petrographic,  geochronological  and  geochemical  investigation.  The  rock 
samples were shipped to Vancouver for preparation and analysis. The spectrometer used for 
the  identification  of  hydrothermal  minerals  is  an  Analytical  Spectral  Devices’ (ASD) 
TerraSpec model. It is a field reflectance infrared spectrometer that collects a full spectral 
range  from 350 nm to  2500 nm in the electromagnetic  spectrum with 6-7 nm spectral 
resolution. 
As an alternative means of focusing exploration efforts remote sensing was utilised. The 
Advanced Spaceborne Thermal Emission and Reflections Radiometer (ASTER) satellite 
on-board NASA’s Terra spacecraft  provides thermal infrared remote sensing capabilities 
that has been recognised to provide greater detail than past remote sensing platforms with 
respect to identifying hydroxyl development in non-vegetated areas. The ASTER system 
has five bands (vs. Landsat’s one) in the critical part of the spectrum for alteration mineral 
discrimination. Recent studies have demonstrated that the ASTER system has outstanding 
capabilities  with respect to identifying hydrothermal alteration so images were acquired 
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over  the  study  area  (Rowan  et  al.,  2003).  These  images  were  processed  by  PhotoSat
Information Ltd. of Vancouver to identify areas of hydroxyl response that could represent
hydrothermal K-silicate alteration or the products of weathering of sulphides in order to
detect porphyry Cu systems.
All sample preparation, geochemical separations and isotopic measurements were done at
Pacific Centre for Isotopic and Geochemical Research (PCIGR) at the University of British
Columbia.  Most of the samples were dated at  the PCIGR; however,  five samples were
analysed at the Washington State University (WSU) ICP-MS laboratory. The time scale of
the International Commission on Stratigraphy was used to report radiometric ages of this
study  (Gradstein  et  al.,  2004).  Sulphide  and  feldspar  separates  and  Pb  isotopic
measurements  were  also  done  at  PCIGR.  Assay  and  whole  rock  and  trace  element
geochemical analytical work was done by ALS Chemex Labs of North Vancouver, Canada.
Results are reported in parts per million (ppm) unless otherwise stated.
1.5 Collaboration with Others
Several intrusions-centered mineral districts were examined in greater detail as part of this
study including the San Carlos, Tuligtic, Caldera and Caballo Blanco prospects. After these
four prospects were identified by the author the mineral rights were acquired by Almaden,
the author's employer. The alteration and geological mapping presented in this synthesis
result  from  observations  of  many  geologists  who  have  been  involved  in  commercial
mineral  exploration  programs  on  these  projects  over  the  years.  All  of  this  work  is
unpublished and much was done under the direct supervision of the author. Appendix A
contains field slips relating to the author's contribution to the geological maps presented for
the Caballo Blanco prospect. 
The  fluid  inclusion  petrographic  results  presented  benefited  greatly  from  insights  and
observations provided by T.J. Reynolds, adjunct professor at the Colorado School of Mines.
1.6 Organisation of Thesis
This dissertation is divided into five chapters of which this is the first. Chapter two provides
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a regional context to the area of study in terms of both geotectonics and metallogeny. In 
doing so Chapter two also surveys the past investigations in the study area relevant to this 
study. Chapter three describes the methodology, instrumentation and procedures used in this 
study. Chapter four reports the petrologic, geochemical and U-Pb geochronological data for 
the intrusions studied. Chapter five presents petrologic and field based observations, as well 
as  geochemical,  geochronological  and  Pb  isotope  studies  of  the  minerals  deposits  and 
showings examined in this study. Chapter five also puts the observations of chapter four 
into the broader context of the local geology to each mineral prospect and deposit studied. 
Chapter five is organised by area and prospect, each beginning with a discussion of the 
respective local geologic setting. Chapter six is a discussion of the results and observations 
of this study. The first section of this chapter reviews and summarises the findings of this 
study. The second section presents the mineral deposit and geotectonic frame of reference 
used  for  interpretation.  This  section  includes  reviews  of  the  current  understanding  of 
adakitic  magma  genesis,  magmatic  hydrothermal  ore  deposition  and  the  Cenozoic  to 
present tectonic history of Mexico. The final section of Chapter six discusses the results of 
this  investigation  in  light  of  this  framework  for  interpretation.  Chapter  seven  offers  a 
summary synthesis of the conclusions drawn from this discussion as well as the resulting 
exploration implications and suggested directions for future research.
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CHAPTER 2: BACKGROUND AND GEOLOGICAL SETTING
This chapter reviews the past research relevant to this investigation. A synthesis of past 
research is presented in the form of a geological setting for the interpretation of this study's 
results. This is done chronologically, from the origins of the basement terranes defined in 
Mexico to the nature of active volcanism.
2.1 Past Metallogenic Work
Early metallogenic syntheses of Mexico by Gonazalez Reyna (1956) and Salas (1975) drew 
on  the  regional  geological  syntheses  of  King  (1939)  and  Lopez  Ramos  (1955).  Later 
physiographic and tectonic divisions were made by Raisz (1964) and De Cserna (1956) 
respectively.  The  first  syntheses  to  utlilise  plate  tectonic  theory  were  the  metallogenic 
framework developed by Damon et al. (1983a,b) and that of Clark et al. (1982). Subsequent 
to these advances country-wide geological investigation in the 1980s and 1990s resulted in 
a new understanding of the spatial distribution, composition (Campa and Coney, 1983) and 
mobility (Sedlock et al., 1993) of the newly defined tectonic terranes. This work, building 
on past observations,  resulted in a new geological map (Ortega-Gutierrez et al., 1992) that 
allowed for  the  metallogenic  synthesis  of  northwestern  Mexico by Staude  (1995).  This 
latter  work  represents  an  important  milestone  in  the  understanding  of  time  and  space 
relationships of tectonic activity and mineral deposits in northwestern Mexico. While the 
metallogenic synthesis of Staude (1995) relates to the Sierra Madre Occidental Province of 
western  Mexico  it  lays  a  magmatic  and  tectonostratigraphic  foundation  on  which  the 
present  study  builds.  A database  of  emplacement  ages  for  intrusions  associated  with 
porphyry Cu systems in Mexico was also compiled by Barton et al. (1995). Although the 
database from which the resulting synthesis of this study was developed did not include 
significant  data  from  eastern  Mexico  it  also  provides  a  framework  for  the  present 
investigation. 
Two Cenozoic volcanic rock dominated geological provinces have long been recognised in 
Mexico: the north-northwest trending Sierra Madre Occidental (SMO) of western Mexico 
and the later and still active east-west trending Trans-Mexican Volcanic Belt (TMVB) of 
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central  Mexico.  The space-time evolution of magmatic  activity within these belts,  with 
special  attention  paid  to  the  transition  between  them,  has  been  the  subject  of  intense 
scientific investigation and debate since the 1970s (Mooser, 1972; Demant, 1978; Cantagrel 
and Robin, 1979; Demant, 1981; Robin and Cantagrel, 1982; Venegas et al., 1985; Nixon et  
al., 1987). Great advances in differentiating these events have been made in the last two 
decades thanks largely to isotopic ages and mapping studies compiled by Ferrari  et  al. 
(2000b) which have resulted in an updated geological map of Mexico (Ferrari et al., 2007a) 
and a synthesis of igneous petrogenesis by Gomez-Tuena et al. (2007). While many of the 
intrusive rocks  and related  mineralisation of  eastern  Mexico examined in  this  work lie 
geographically outside of the SMO and TMVB, the past study of these domains provides an 
important  framework  for  interpreting  the  new  isotopic  age  data,  geochemical  and  ore 
deposit studies comprising this dissertation.
Alkaline rocks have long been recognised in the southeastern United States and within the 
area  of  study of  eastern  Mexico  (Sewell,  1968;  Bloomfield  and  Cepeda-Davila,  1973; 
Cantagrel and Robin, 1982; Robin 1982; Elias-Herrera, 1983; Nick, 1988; Kramar, 1993; 
Morton-Bermea,  1990;  Morton-Bermea,  1995;  Nelson  et  al.,  1995;  Ramirez-Fernandez, 
1996; Ramirez-Fernandez et al., 2000; Hamblock, 2002; Ferrari et al., 2004; Viera Decida 
et al. 2009). None of these works have a metallogenic focus but provide a petrogenetic 
framework for interpreting the magmatic hydrothermal systems examined in this study.
Spatial  and  temporal  relationships  of  intrusives  and  related  precious  and  base  metal 
mineralisation in the SMO have been investigated in many studies (Wisser, 1966; Clark et  
al., 1982; Barton et al., 1995; Staude, 1995; Albinson et al., 2001; Camprubi et al., 2003) 
but  no  such  synthesis  exists  for  eastern  Mexico.  In  general  these  investigators  have 
confirmed  Cenozoic  ages  for  both  intrusives  and  related  mineralisation  in  the  SMO 
although significant exceptions occur, such as the ~ 100 Ma El Arco porphyry Cu deposit in 
the Baja peninsula. Mineralisation and related intrusions located outside of the generally 
defined  limits  of  the  SMO  and  TMVB  have  largely  been  treated  as  outliers  to  these 
provinces. Past work in eastern Mexico also does not consider the regional metallogenic 
significance  of  intrusion  related  mineralisation  although  Hamblock  (2002)  compiled 
historic  geochemical  and  mineralogical  information  for  some  of  the  alkaline  intrusive 
25
centers  related  to  mineralisation  in  an  area  of  northeastern  Mexico.  More  recently 
Camprubi  (2009)  compiled  all  known  age  dates  for  mineral  deposits  in  Mexico  and 
presented an overview of their  distribution according to age.  All these works provide a 
helpful foundation for the metallogenic synthesis resulting from the new geochronological, 
geochemical, isotopic and fluid inclusion petrographic data of this study.
An age date database comprised of the results compiled by Barton et al. (1995), Ferrari et  
al. (1999) and several other more recent publications (Iriondo et al., 2003; Iriondo et al., 
2004; Ferrari et al., 2005; Gomez-Tuena et al., 2007; Mori et al., 2007; Martinez-Serrano 
et al., 2008; Camprubi, 2009) was assembled and used as a framework for interpreting the 
data of this investigation. Age determinations of these past investigations have not had a 
mineral  deposit  focus and have largely been of volcanic rocks from the many volcanic 
successions  of  Mexico.  These  past  age  determinations  have  provided  an  important 
magmatic framework for the interpretation of the age determinations of this investigation 
and the metallogenic synthesis that results.
The vast majority of the age determinations of past workers were done using the K-Ar 
analytical method that is unfortunately fraught with difficulty (e.g. Dicken, 1995). This is 
because the K-Ar dating technique relies on the determining absolute abundances of both 
40Ar and K on separate aliquots. There is no reliable way to determine if the assumptions 
made for this  determination are valid.  In addition argon loss and excess argon are two 
common problems that  may cause erroneous ages  to be determined.  Argon loss  occurs 
when  radiogenic  40Ar   produced  within  a  rock  or  mineral  escapes  after  formation. 
Alteration and/or high temperatures can cause  40Ar to be released from a sample due to 
thermal diffusion. This can cause the calculated K-Ar age to be younger than the "true" age 
of the dated material. Conversely, excess argon can cause the calculated K-Ar age to be 
older than the "true" age of the dated material.
Further hampering interpretation, some of the K-Ar dates reported in past investigations are 
not  presented  with  geological  and  location  information.  This  includes  the  K-Ar 
investigations of Miocene volcanic rocks in Oaxaca by Ferrusquía-Villafranca et al. (1974) 
and Ferrusquía-Villafranca et al. (1990, 2001).
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The recent age dates reported by Iriondo et al. (2003) and Iriondo et al. (2004) are modern 
Ar-Ar analyses  based on a  collaborative effort  between the Mexican and United States 
government geological surveys. While 12 Ar-Ar dates of the studies of Iriondo et al. (2003, 
2004)  are  from  intrusive  rocks  or  volcanic  rocks  located  within  area  of  this  study, 
insufficient geological and geochemical context is included with the results for meaningful 
interpretation to be possible. An Ar-Ar age determination for the Cerro Mercado intrusive 
in the Candela-Moncloca trend (Molina-Garza  et al., 2008) is a welcome addition to the 
dataset used for interpretation and synthesis in the current study.
2.2 Geological Framework and Past Work
2.2.1 Geological and Tectonic Setting of Mexico
Mexico  is  largely  covered  by  rocks  of  Mesozoic  and  Cenozoic  age  which  hamper 
investigation of the earlier geologic events. Northern and central Mexico are dominated by 
late Mesozoic marine strata (the Gulf of Mexico sequence) and Cenozoic volcanic rocks of 
the Sierra Madre Occidental (SMO) and Trans-Mexican Volcanic Belt (TMVB) provinces 
(Figures 1.1 and 1.2).
The  oldest  known  rocks  in  Mexico  comprise  1.75  to  1.71  Ga  metasedimentary  and 
metavolcanic rocks and calc-alkalic plutons which crop out in the northwestern part of the 
country  (Anderson  et  al.,  1980).  These  rocks  are  bounded  to  the  southeast  by  meta-
granitoids  that  have  yielded  Grenville  (1.3  to  1.0  Ga)  ages  (Bickford,  1988).  Other 
Grenville  and  Proterozoic  basement  rocks  have  been  found  cropping  out  in  northern, 
eastern and southern Mexico and this led Sedlock  et al. (1993) to interpret that much of 
Mexico is likely underlain by rocks of this age with diverse origins. 
It  has  been  proposed  that  remains  of  the  Rheic  Ocean’s  southern  (Gondwanan)  rifted 
continental  margin  and  evidence  of  its  Late  Devonian-Mississippian  subduction  are 
preserved in the Mixteca, Sierra Madre and Oaxaquia terranes (Figure 2.1 A) of southern 
and eastern Mexico (e.g. Keppie et al., 2007; Nance et al., 2009). These terranes record: (1) 
Ordovician rifting on the southern margin of the Rheic Ocean, (2) passive drifting with 
Amazonia during the Silurian, (3) Devonian-Mississippian subduction, high-pressure
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Figure 2.1. The Geotectonic History of Mexico. See text for discussion. Data from Sedlock et al., 1993; Keppie, 2004; Aranda-Gomez et al., 2007; 
Ferrari et al., 2007; Gomez-Tuena et al., 2007; Valencia-Moreno et al., 2007; Mortensen et al., 2008; Nance et al., 2009. A. Location of Gondwanan 
margin Terranes in Mexico including Oaxaquia, Maya, Mixteca and Sierra Madre. B. Approximate location of the Permo-Triassic arc. C. Location of 
the Mesozoic Guerrero accreted Terrane. D. Location of the Cenozoic magmatism including the SMO, SMS, TMVB and CVA.
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metamorphism  and  (4)  reestablishment  of  a  Permian  arc  (Nance  et  al.,  2009).  The 
Precambrian  and  Lower  Palaeozoic  rocks  of  Oaxaquia  are  unconformably  overlain  by 
Carboniferous clastic and shallow marine strata that contain a Midcontinental (USA) fauna 
(Boucot  et  al.,  1997;  Navarro-Santillán  et  al.,  2002),  indicating  proximity to  Laurentia 
during  the  initial  stages  of  Pangaea  amalgamation.  Oaxaquia  is  defined  as  a 
Precambrian/Paleozoic  composite  terrane  that  extends  beneath  Mesozoic  and  Cenozoic 
rocks from the Ouachita Orogen throughout central Mexico (Ortega-Gutierrez et al., 1995). 
Geochemical  and  geochronological  work  on  the  Oaxaca  Complex  in  southern  Mexico, 
interpreted to be the basement to Oaxaquia, suggests that it comprises two granitic-gabbroic 
suites intruded at 1.157 – 1.13 and 1.012 Ga respectively, both in a within-plate setting 
(Keppie, 2004). These rocks, and by inference Oaxaquia, have been interpreted to be part of 
an exotic terrane derived from Amazonia (Keppie, 2004). Early Paleozoic to Carboniferous 
rocks in Mexico are shelfal  and basinal strata interpreted to represent a passive margin 
existing at this time (Sedlock et al., 1993). The Chortis block, located south of Mexico in 
northern Central America, consists of Precambrian to Paleozoic continental crust (DeMets 
et al., 2007). Three different tectonic theories to explain the Cenozoic tectonic origin of the 
Chortis Block south of Mexico and are discussed below.
Evidence exists for the presence of a Permo-Triassic pre-collision arc in the form of an 
arcuate belt of calc-alkaline granitoids in present day eastern Mexico along what must have 
been the southern margin of North America (e.g. Sedlock et al.,  1993; Figure 2.1 B). It is 
also marked by the Ouachita-Marathon orogen in the eastern USA, the continuation of 
which into northern Mexico is known as the Tarahumara terrane. The sparse rocks of this 
age in Mexico record the history of thrusting and foreland basin formation.  During the 
Permian, plutons with arc geochemistry intruded both the Mixteca and Oaxaquia terranes 
(Elías- Herrera and Ortega-Gutiérrez, 2002; Elías-Herrera  et al., 2007). This activity was 
synchronous with the deposition of carbonates and clastic rocks containing Permian detrital 
zircons  (Morales-Gamez  et  al.,  2008).  Von  Huene  and  Scholl  (1991)  suggest  that  the 
Permian  trench  lay beneath  the  eastern  edge  of  the  Mesozoic  Guerrero  terrane,  which 
borders  the  Pacific  to  the  west,  while  the  association  of  arc  activity  with  strike-slip 
deformation suggests that subduction was oblique (Keppie, 2004). The development of this 
Permian arc has been attributed to the onset of subduction in the Palaeo-Pacific subsequent 
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to the closure of the Rheic Ocean and the assembly of Pangaea (e.g., Nance et al., 2006; Nance, 
2009). 
Subsequent  to  this  north-south  convergence,  eastward subduction  is  interpreted to  have 
commenced (Sedlock et al., 1993). This eastward and later northward subduction, along the 
west and southern margins of Mexico respectively, has been continuous since the Permian. 
This resulted in continental growth to the west and south through the accretion of numerous 
continental  fragments,  island  arcs  and  basins.  The  Guerrero  terrane  (Figure  2.1  C), 
comprised of Mesozoic volcanic and sedimentary strata, is interpreted to underlie much of 
western Mexico (e.g. Centeno-Garcia, 2003). The Guerrero terrane is thought to represent a 
continental  margin  arc  that  was  built  along  the  western  edge  of  Mexico  in  the  Latest 
Jurassic to Early Cretaceous time (Mortensen et al. 2008).
On the eastern margin of Mexico, the onset of oceanic spreading in the Late Triassic in the 
Gulf of Mexico was by the Middle Jurassic accompanied by periodic flooding of marine 
water and the deposition of evaporite. Transgression and subsidence resulting in this early 
deposition of evaporite sequences and a shallow marine environment continued into the 
Lower Cretaceous resulting in the deposition of large volumes of carbonate material; the 
limestone  dominated  Upper  Jurassic  and  Lower  Cretaceous  sequence  alone  varies  in 
average thickness from 1,400 to 2,400 meters (Cserna, 1989). These marine rocks were 
deformed in the Late Cretaceous Laramide (80 to 60 Ma) orogenic event including folding 
and imbricate thrust faulting resulting in a mountain chain in eastern Mexico known as the 
Sierra Madre Oriental  (Cserna  et al., 1977; Tardy, 1980;  Sedlock  et al., 1993). Folding, 
thrust faulting and resulting mountain chains of the Sierra Madre Oriental roughly trend 
north-south, parallel to the west coast of the continent.
West  of  the  Sierra  Madre  Oriental  in  Northern  Mexico  and southwest  USA, Laramide 
intrusions that crop out as windows within the later SMO volcanism are associated with 
large  calc-alkaline  Cu-Mo  porphyry  deposits  (Barton  et  al.,  1995;  Staude  and  Barton, 
2001).  This  Laramide event  is  temporally associated  with volcanic  rocks  of  the Lower 
Volcanic Sequence of the SMO. SMO volcanic rocks are the result of subduction of the 
Farallon plate beneath North America from the Late Cretaceous to Early Miocene and post-
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subduction volcanism emplaced in the Late Miocene to Pleistocene related to spreading in 
the  Gulf  of  California  (Ferrari  et  al.,  2007b).  Ferrari  et  al. (2007b)  divided  the  SMO 
volcanic  province  into five  main  igneous complexes:  (1)  Late  Cretaceous  to  Paleocene 
plutonic and volcanic rocks; (2) Eocene andesites and lessor rhyolites called the Lower 
Volcanic Sequence; (3) Caldera forming ignimbrite eruptions emplaced in two main pulses 
in the Oligocene and Early Miocene; (4) mafic lavas erupted at  the end of each of the 
ignimbrite episodes; (5) intra-continental basin and range related Miocene to Pleistocene 
alkaline mafic volcanic rocks erupted due to spreading within the Gulf of Mexico. The 
SMO belt  is  one of the larger  silicic  volcanic  provinces in  the world covering an area 
estimated to be 300,000  to 393,000 km2 in size (Figure 2.1 D; McDowell and Keizer, 1977; 
McDowell and Clabaugh, 1979; Ward 1995; Aguirre-Diaz and Labarthe-Hernandez, 2003). 
The ignimbrite rocks obscure much of the underlying volcanic strata however the Lower 
Volcanic Sequence, where exposed, is host to some of the world's largest epithermal Ag 
deposits  as  well  as  the  Laramide  porphyry deposits  mentioned above  (e.g.  Staude  and 
Barton, 2001).  A review of the northern portion of the SMO by McDowell and Mauger 
(1994) showed that magmatism in central Chihuahua occurred from roughly 68 to 27.5 Ma, 
during two epochs, the transition between which is marked by an increase in the intensity of 
magmatism starting at 46 Ma. McDowell and Mauger (1994) conclude that activity prior to 
46 Ma was volumetrically minor and possibly intermittent while later magmatism, from 46 
and 27.5 Ma, was quasi-steady with voluminous volcanic products.
Since  the  Late  Oligocene  magmatism in  central  Mexico  is  interpreted  to  have  rotated 
counterclockwise (Ferrari  et al., 1999; Rossotti  et al., 2002; Gomez-Tuena  et al., 2007). 
This  change  is  also  marked  by  the  transition  from  silicic  to  intermediate  chemistry 
magmatism and is interpreted to be the result of cessation of eastward subduction of the 
Farallon Plate under Mexico. In northern Mexico McDowell and Mauger (1994) conclude 
that  the  abrupt  increase  in  magmatism  at  46  Ma may  be  a  result  of  diminished 
compressional stress relating to a decreased rate of plate convergence along western North 
America. Regional stress fields are interpreted to have remained in compression until about 
31 Ma, corresponding to the time of transition from calc-alkaline to mildly alkaline mafic 
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and peralkaline  felsic  volcanism in  the  northern  SMO (McDowell  and  Mauger,  1994). 
Magmatism in the northern SMO ended at 27.5 Ma (McDowell and Mauger, 1994). From 
roughly 25 to 18 Ma the SMO is interpreted to have been a continuous arc from central 
Mexico to Guatemala in Central America (Figure 2.1 D).  The SMO magmatism extended 
into  southern  Mexico  since  at  least  the  Late  Cretaceous.  The  volcanic  and  intrusive 
products in this part of Mexico, referred to as the Sierra Madre del Sur (SMS) province, 
formed prior to the rotation of SMO to TMBV magmatism and are located south of the 
TMVB (Figure 2.1 D). The rocks of the SMS range in age from early Paleocene to Eocene 
(Moran-Zenteno et al., 2007a). K-Ar age determinations of rocks from south of the TMVB 
indicate a return of magmatism in the Miocene in Oaxaca State (e.g. Ferrusquía-Villafranca 
et  al.,  1974,  Ferrusquía-Villafranca,  1990,  Morán-Zenteno  et  al.,  1999,  Ferrusquía-
Villafranca,  2001, Iriondo  et al.,  2004, Martiny  et al.,  2004, and Rincón-Herrera  et al., 
2007).  A recent  geochemical  investigation of  this  area (Figure 2.1D) indicate  light  and 
medium  rare  earth  element  enrichment  (La-Sm)  with  respect  to  the  heavy  rare  earth 
elements (Eu-Lu) for these rocks (Martinez-Serrano et al., 2008).
By the middle Miocene (~ 18 Ma) rotation of the SMO had resulted in two belts of arc 
volcanism  in  central  and  southern  Mexico;  the  TMVB with  a  roughly  NNW-SSE 
orientation  and  the  southern  Mexican  and  Guatemalan  Central  American  Volcanic  Arc 
(CAVA)  located  south  (Figure  1.1)  of  present  day Mexico  (Manea  and Manea,  2008). 
Volcanism  along  both  the  TMVB  and  CAVA has  continued  to  the  present.  Modern 
volcanism along both belts is interpreted to be the result of subduction of the Cocos plate 
beneath the North American plate (Sedlock  et al., 1993; Ferrari  et al., 1999; Manea and 
Manea, 2008).
The TMVB (Figure 2.1 D) is made up of over 8,000 volcanic structures, including several 
that are active, and stretches from coast to coast roughly bisecting Mexico on a north-south 
basis (Gomez-Tuena et al., 2007). For several decades the TMVB has undergone intensive 
study which has resulted in a new geological model for its evolution through space and time 
that  defines  four  principal  episodes:  (1)  a  Mid  to  Late  Miocene  arc  of  intermediate 
composition volcanic rocks, (2) Late Miocene mafic volcanism and (3) Late Miocene silicic 
to Early Pliocene bimodal volcanism and (4) Late Pliocene to Present volcanism of variable 
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composition (Ferrari et al., 1999; Gomez-Tuena et al., 2003; Ferarri et al., 2005a; Gomez-
Tuena et al., 2007). 
The early Mid to Late Miocene event has been traced across the TMVB and is characterised 
by  andesitic  strato  volcanoes  such  as  the  Palo  Huérfano–La  Joya–Zamorano  Volcanic 
Complex along the Guanajuato-Queretero border, the Cerro Grande volcano in Puebla and 
the  Palma  Sola  region  on  the  Gulf  coast  of  Mexico  in  Veracruz  State.  The  volcanic 
stratigraphy and geochemistry of these areas have been the subject of recent investigations 
(Pérez-Venzor et al., 1996; Valdéz-Moreno et al., 1998; Ferrari  et al.,1999, Gómez-Tuena 
and Carrasco-Núñez, 2000; García-Palomo et al., 2002; Gómez-Tuena et al., 2003; Verma 
and Carrasco-Núñez, 2003; Gómez-Tuena et al., 2007; Mori et al., 2007). Several of these 
workers have identified high Sr/Y geochemistry for the Mid Miocene event which has been 
interpreted  to  represent  slab  melting  at  relatively shallow depths  (Gómez-Tuena  et  al., 
2003; Gómez-Tuena et al., 2007; Mori et al., 2007). 
K-Ar geochronology for the volcanic rocks of the Late Miocene mafic magmatic event 
indicate that it began at roughly 11 Ma in the western portion of the TMVB and migrated 
east over a 4 - 5 Ma period to the gulf coast where alkaline basalt flows were erupted at ~ 6 
Ma (Ferrari, 2004). Gómez-Tuena et al. (2003) suggested that these magmas formed due to 
slab rollback that induced ascent and decompression melting of a deeper asthenospheric 
mantle. In contrast, Ferrari (2004) interpreted the emplacement of the mafic intrusives as 
the volcanic expression of a slab detachment.
Subsequent to roughly 7 Ma, calc-alkaline and alkaline volcanism renewed in Mexico south 
of the TMVB in the Tuxtla volcanic field (TVF) and in Chiapas (Figure 2.1 D). Active 
volcanism still exists in Chiapas and is referred to as the Chiapanecan Volcanic Arc (CVA) 
(Mora  et al., 2007; Manea and Manea, 2008). The CVA is located in an area of tectonic 
complexity marking the interaction of the North American, Caribbean and Cocos plates, 
near the Motagua–Polochic fault system, the boundary between the North American and 
Caribbean plates (Manea and Manea, 2008). The volcanic rocks of the CVA are largely 
high-K calc-alkaline in composition and are interpreted to be associated with subduction of 
the Cocos plate under the North American plate although complicated by the geometry of 
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the plate boundary fault system (Mora et al., 2007).
As the volcanism in Mexico rotated in the late Oligocene from the north south SMO to the 
northwest-southeast  TMVB, basin and range extension began in the eastern SMO. This 
extensional tectonic regime migrated westward ultimately forming north-northwest striking 
normal faults and resulting in the opening of the Gulf of California and formation of the 
Baja Peninsula in the Late Miocene (eg. Ferrari et al., 2007).
2.2.2 Eocene to Present Migration of Magmatism in Mexico
Increased use of  geochronology in  the last  two decades  has  shown that  magmatism in 
Mexico has migrated and changed orientation throughout the period from Eocene to Present 
(eg.  Ferrari  et  al.,  1999).  The  Chortis  block  has  long been thought  to  have  played  an 
important part in this process (eg. Mailfait and Dinkelman, 1972; Pindell et al., 1988; Ross 
and Scotese,  1988; Herrmann  et  al.,  1994;  Schaaf  et  al.,  1995;  Meschede  et al.,  1997; 
Keppie and Morán-Zenteno, 2005 and Keppie et al., 2007). Three different tectonic models 
have  been  proposed  to  explain  the  tectonic  origin  of  the  Chortis  block,  its  geologic 
relationship to Precambrian to Paleozoic rocks of southwestern Mexico and corresponding 
magmatic  migration  (Campa  and  Coney,  1983;  Sedlock  et  al.,  1993;  Dickinson  and 
Lawton, 2001; Solari et al., 2003; Keppie, 2004; Keppie and Moran-Zenteno, 2005). 
Until  the  model  of  Keppie  and  Moran-Zenteno  (2005),  most  reconstructions  invoked 
Cenozoic sinistral  displacement  of the Chortis  Block from off southwest  Mexico to  its 
current  location.  Keppie  and  Moran-Zenteno  (2005)  noted  that  such  models  are 
incompatible  with structural  observations in  southern Mexico including the presence of 
undeformed Upper Cretaceous–Recent sediments along the projected trace of the fault zone 
invoked for the displacement and a lack of offset of the Chiapas batholith. The model of 
Keppie  and  Moran-Zenteno  (2005)  considers  Cenozoic  anticlockwise  rotation  of  the 
Chortis  block  resulting  from  oblique  collision  and  subduction  of  the  Chumbia  and 
Tehuantepec ridges in the Eocene, and Middle Miocene to present respectively. Combined 
with  reconstructions  of  features  in  the  Pacific  Ocean  this  model  suggests  that  Eocene 
collision of the Chumbia Seamount Ridge and the trench resulted in (1) flattening of the  
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subducting  slab  and accompanying subduction  erosion and exhumation  of  the  southern 
Mexican margin; (2) anticlockwise rotation of the volcanic arc; and (3) strike-slip faulting 
in the SMS (Keppie and Moran-Zenteno, 2005). A subsequent Middle Miocene collision of 
the  Tehuantepec  aseismic  ridge  with  the  trench  off  southwestern  Mexico  led  to:  (1) 
asymmetric flattening of the subduction zone; (2) an anticlockwise rotation of the Mexican 
magmatic arc to its  present location by the Middle Miocene; (3) the development of a 
volcanic gap in southeastern Mexico which was reestablished as the Tehuantepec Ridge 
swept westward (Keppie and Moran-Zenteno, 2005).
This new model allows for the reconstruction of arc magmatism in Mexico through the 
Cenozoic. Following accretion of the Guerrero terrane, subduction began in the Paleocene 
along a continuous northwest oriented trench from northern to southern Mexico (Figure 2.2 
A and represented by 60 Ma line in Figure 2.2 B). This continued until roughly 40 to 35 Ma 
when collision and subduction of the Chumbia ridge caused flattening of the slab to the 
southeast of the ridge and steepening to the north in northeastern Mexico (Figure 2.2 B). 
These effects resulted in the counterclockwise rotation of magmatism through to the Early 
Miocene identified by Ferrari et al. (1999) which formed the TMVB east west magmatism 
(Figure  2.2 B).  At  this  point  magmatism still  existed  south  of  the  TMVB in  the  SMS 
province (Figure 2.2 B). In the Middle Miocene the Tehuantepec ridge collided with the 
trench  off  southwest  Mexico  causing  further  asymmetric  flattening  and  related 
counterclockwise rotation of magmatism. South of the ridge rapid slab flattening eventually 
extinguished magmatism resulting in the “volcanic gap” or paucity of volcanism south of 
the TMVB from ~ 12 to 7 Ma (Keppie and Moran-Zenteno, 2005; Figure 2.2 B). North of 
the Tehuantepec ridge slab steeping triggered voluminous silicic and bimodal volcanism in 
the TMVB during the Middle Miocene to Pliocene (Gomez-Tuena et al., 2007). Rotation of 
the Tepehuantepec ridge from ~ 15 Ma to present gradually resulted in near orthogonal 
subduction  of  the  Tehuantepec  ridge  (Keppie  and  Moran-Zenteno,  2005)  and  renewed 
magmatism south of the TMVB in the Tuxla volcanic field (~ 7 Ma to present) and the 
Chiapanecan arc (~ 3 Ma to present). In the TMVB this change is marked by a return to 
variable but largely calc-alkaline magmatism in the Pliocene (Gomez-Tuena et al., 2007).
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2.2.3 Current Metallogenic Framework of Mexico
Mexico  is  a  political  area  encompassing  terrain  rich  in  mineral  endowment.  Mineral 
deposits have been exploited since prehistory but the Spanish conquest of Mexico heralded 
an era of intensive prospecting for precious metals and the subsequent development of the 
world class Mexican Ag mining industry.  While there are world class deposits  of other 
metals  in  Mexico,  the  Ag  mines,  which  are  principally  epithermal  in  origin,  have 
historically been amongst the largest in the world.
The first modern metallogenic summaries were based on the present distribution of mineral 
deposits  without  completely  taking  into  account  post-mineral  tectonic  and  structural 
modification (Salas, 1975; Clark et al., 1982). A metallogenic synthesis since the Jurassic 
for northwest Mexico by Staude (1995) took into account the effect of extension throughout 
the Cenozoic and recognised four separate epochs of mineralisation through time. Work by 
other authors allows the following summary of Mexican metallogenesis to be constructed 
(Barton et al., 1995; Albinson et al., 2001; Camprubi et al., 2003; Mortensen et al., 2008; 
Camprubi, 2009).
2.2.3.1 Late Jurassic to Mid-Cretaceous
The  earliest  known  significant  mineral  deposits  in  Mexico  are  Late  Jurassic  to  Early 
Cretaceous in age. Porphyry Cu deposits of this age in northwest Mexico may correlate to 
the Jurassic porphyry deposits of Arizona such as Bisbee (Staude, 1995). Northwest Mexico 
also  hosts  mesothermal  Au  vein  deposits  of  this  age.  Farther  south  some  ultramafic 
complexes and associated magmatic Cu-PGM-Ni  mineralisation occur which have been 
interpreted to relate to magmatism resulting from accretion of exotic terranes (Barton et al., 
1995). In the Early Cretaceous volcanogenic massive sulphide deposits, exploited for base 
and precious metals, were deposited subaqueously in back arc basins (Mortensen  et al., 
2008). Also at this time, isolated hydrothermal iron deposits, with or without Cu and Au, 
formed at  the  contacts  between mafic  intrusive  centres  and Late  Jurassic  volcanogenic 
sediments along the west coast of Mexico (Staude, 1995). In the Mid-Cretaceous a second 
phase of porphyry Cu mineralisation occurred including the El Arco Cu porphyry in the 
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Baja  Peninsula  (Figure  2.3).  Also  at  this  time  further  important  mesothermal  Au  vein 
systems developed (Wisser, 1954).
2.2.3.2 Late-Cretaceous to Early Paleogene
Porphyry Cu (with or without Mo) deposits formed during the Laramide period and are 
spatially distributed along a northwest trending belt  extending from northern Mexico to 
northern  Arizona,  USA.  Included  within  this  trend  are  several  world  class  deposits 
including Cananea and La Caridad in northwest Mexico with estimated Cu endowments of 
greater than 30 Mt and 8 Mt of Cu respectively (Figure 2.3; Sillitoe, 1976; Barton et al., 
1995;  Valencia-Moreno  et  al.,  2007).  The  porphyry  intrusions  associated  with  these 
deposits  are  calc-alkaline  in  composition.  These  porphyry  systems,  where  they  cut 
calcareous country rocks, also can have related hydrothermal Cu and Pb-Zn skarn deposits 
(Valencia-Moreno et al., 2007). The intrusions related to mineralisation largely fall within 
the ages of 68 to 52 Ma however there are some as old as 80 to 75 Ma (Staude, 1995). 
Some epithermal quartz vein deposits have been recognised to have formed in this time 
period but are  rare.  In southern Mexico Laramide aged intrusions  of the SMS are also 
associated with smaller  Cu porphyry deposits which are smaller  and more Au-rich than 
those farther north (Valencia-Moreno et al., 2007). Recently adakitic signatures have been 
detected in the magmatic rocks of the SMS, including some of the intrusions associated 
with  copper-gold  porphyry  and  skarn  deposits  such  as  those  of  the  Mezcala  district, 
Guerrero (Gonzalez-Partida et al., 2003). It has been proposed that the intrusions associated 
with  porphyries  in  the  SMS were  emplaced  during  a  time  of  fast  convergence  which 
brought about partial melting of MORB material that interacted with the mantle wedge to 
produce metal enriched exotic melts (Gonzalez-Partida et al., 2003).
2.2.3.3 Paleogene to Early Neogene
This period is perhaps the most important in terms of gross metal production in Mexico. 
The tremendous low to intermediate sulphidation epithermal Ag and Au vein deposits of 
Mexico hosted by the Lower Volcanic Sequence of the SMO formed in this time frame 
(Albinson,  et  al.,  2001;  Camprubi  et  al.,  2003).  A  compilation  of  35  K-Ar  age 
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determinations for low-sulphidation epithermal systems shows two distinct age peaks, 36 to 
27 Ma and 23 to 18 Ma (Camprubi et al., 2003). The earlier age group includes the world 
class intermediate sulphidation epithermal Ag-Au deposits of the Pachuca-Real del Monte, 
Guanajuato, Fresnillo, Taxco, Tayoltita and Zacatecas districts (Figure 2.3). The later age 
range is temporally associated with ignimbrite flareup and bimodal volcanism. The low-
sulphidation epithermal deposits of the latter group generally have higher Au/Ag ratios than 
those of the former (Albinson et al., 2001; Camprubi et al., 2007).
Fluid inclusion and stable isotope work by Simmons (1991) and Albinson et al. (2001) have 
shown that in some of the intermediate sulphidation Ag vein systems there is evidence of 
repeated and episodic brine pulses injected into a hydrothermal system which otherwise 
consists of dilute quartz-saturated fluids. The metal rich brine pulses introduced Ag rich 
sulphide  bands  into  veins.  These  brine  fluids  are  thought  to  have  magmatic  origins 
(Simmons, 1991). 
The few known high sulphidation deposits of Mexico, including Mulatos and El Sauzal 
located in the SMO in northern Mexico, are poorly geochronologically constrained but are 
thought to have formed from 35 to 25 Ma (Staude, 1995; Camprubi et al., 2007). 
East  of the SMO, important  high-temperature carbonate  hosted Ag-Pb-Zn-Cu carbonate 
replacement and skarn (CRD) deposits formed (Figure 2.3). The CRDs are characterised by 
irregular  lenses  of  massive  sulphides  that  are  strongly structurally controlled  and often 
discordant  to  stratigraphy.  In  some  districts  both  Ag-Pb-Zn  CRD  and  epithermal  vein 
deposits exist. The mineralisations generally range in age from 50 to 25 Ma and are hosted 
by  limestone  and  shale  dominant  sequences  of  the  Sierra  Madre  Oriental  carbonate 
province  (Megaw  et  al.,  1998).  In  many  districts  intrusions  are  intimately  related  to 
mineralisation and in some cases intrusion hosted porphyry-style mineralisation has been 
identified, such as at Concepcion del Oro, Zacatecas.
Also interpreted to have formed in this period are 35 to 28 Ma shear hosted epithermal Au 
veins  and  structurally  controlled  sediment  hosted  Au  deposits  in  northwestern  Mexico 
(Barton et al., 1995).
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2.2.3.4 Late Neogene to Quaternary
Little mineralisation in Mexico is presently known to occur after the Late Neogene. Some 
porphyry,  skarn  and  epithermal  Cu  and  Au  deposits  have  been  identified  in  southern 
Mexico and are hosted by volcanic and intrusive rocks of the CVA. These include the newly 
discovered Ixhuatan Au deposit in Chiapas dated at 2.8 Ma by K-Ar and Ar-Ar techniques 
(Valencia-Moreno et al., 2007) and the Santa Fe Cu-Au skarn examined in this study and 
dated by K-Ar methods at 2.29 to 2.24 Ma (Figure 2.3; Damon and Montesinos, 1978). In 
the CAVA the intrusive hosting the Toliman porphyry Cu deposit was also dated by Damon 
and Montesinos (1978) using K-Ar techniques at 5.75 Ma.
In northwestern Mexico, around the Baja Peninsula, low-sulphidation epithermal veins of 
little economic significance and large red bed Cu-Ag-Co mineralisation are known to occur. 
The latter deposit type is interpreted to have formed in a rift environment similar to that of 
red bed deposits along the Red Sea (McKibbon et al., 1988). 
2.2.4 Igneous Rocks and Mineral Deposits of Mexico: The North American Context
The mineral deposits of the western United States are by and large better studied than those 
of Mexico. The intrusions and related mineral deposits examined in this study and those 
located in the adjacent United States were emplaced long before the political boundaries 
were established that can hinder the seamless integration of results otherwise possible. Few 
studies  incorporate  a  continent  wide  context  in  the  discussion  of  orogeneic  belts,  an 
exception  being  a  review  of  North  and  South  America  magmatism and  associated  Au 
deposits by Sillitoe (2008).
Post Permian, largely eastward dipping subduction is common to both the western United 
States  and  Mexico.  Similarly  the  intrusions  and  related  mineral  deposits  across  North 
America have many features in common, since they result from north to northwest trending 
belts of igneous activity associated with this long lived subduction zone. Laramide aged 
Cu-Mo porphyry deposits of the southwest United States and northwest Mexico are perhaps 
the best documented example of metallogenic continuity from the huge Cu-Mo porphyries 
occurring in the northern United States at Butte Montana to the Cu-Au porphyries of the 
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SMS. Later metallogenic continuity throughout the North American continent is less well 
documented.   
The spatial and temporal distribution of post-Laramide igneous activity and related mineral 
deposits in the western United States is quite complex. However, some general trends are 
consistent across North America. Dickinson (2002) and Ferrari et al.(1999), for the western 
United States and Mexico respectively, both recognise significant tectonic change in the 
Mid Cenozoic at roughly 20 Ma. In the Great Basin of the United States Mesozoic to Mid 
Cenozoic arc-related igneous activity under generally compressive tectonism changed to a 
regime  of  crustal  extension  at  this  time  (Dickinson,  2002).  In  central  Mexico  igneous 
activity in the SMO began to rotate counterclockwise at roughly 20 Ma until arc-related 
igneous activity had an east-west orientation relating to subduction of a completely new 
slab by 15-12 Ma (Ferrari et al., 1999). 
Humphries (1995) has proposed that the complexity of migrating igneous activity in the 
western United States relates to initial buckling at roughly 50 Ma, and complete removal by 
20 Ma, of the subducting Farallon slab.  This is similar to the model of Sonder and Jones 
(1999), who attribute the onset of extension and related bimodal volcanism to removal  of a 
gently inclined Farallon plate. More recently Rykskamp et al. (2008) have proposed that the 
38-36 Ma world class Bingham Canyon Cu porphyry deposit, and similar aged arc magmas 
and associated Cu porphyry mineralisation in Nevada, were erupted far inland as a result of 
the rollback of the Farallon slab (Figure 2.3).
While the models of Humphries (1995) and Rykskamp (2008) remain controversial they 
explainin the presence of calc-alkaline to alkaline arc-related igneous activity along the 
landward extremity of the American Cordillera. Most notable amongst the mineral deposits 
associated with this igneous activity is the 38-36 Ma Bingham Canyon Cu-Au porphyry 
system centered on a high-K calc-alkaline porphyry stock with partially preserved coeval 
volcanic edifices located in western Utah (Waite et al., 1997; Sasso and Clark,1998). The 
Bingham porphyry deposit is located along the east-northeast–striking Uinta axis which is 
interpreted  to  be  the  expression  of  an  Archean-Proterozoic  basement  suture  zone 
(Billingsley  and  Locke,  1941;  Ericksen,  1976;  Presnell,  1997).  Waite  et  al. (1997) 
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hypothesized  that  there  had been  primitive  mafic  alkaline  contribution  to  the  Bingham 
magmas  because  of  their  unusual  enrichment  in  chromium,  nickel,  and  barium. 
Nevertheless the magmas spatially and temporally related to  mineralisation at  Bingham 
Canyon are arc-related calc-alkaline, although high-K in chemistry.
Further west, and at roughly the same time, the structurally controlled, sedimentary hosted, 
replacement-style  “Carlin  type”  Au  deposits  of  Nevada  formed  (Figure  2.3).  They are 
spatially associated with Eocene  felsic dykes of high-K calc-alkaline affinity (Ressel and 
Henry, 2006). These deposits are now thought to have formed from ~ 42 to 36 Ma after the 
onset of low-magnitude extension (Hofstra and Cline, 2000; Cline et al., 2005).
Located southeast of Bingham Canyon in western Colorado is the ~ 30 Ma Cripple Creek 
epithermal Au deposit, (Figure 2.3) which is hosted by a diatreme complex composed of 
bimodal phonolite-alkaline lamprophyre volcanic rocks (Kelley et al., 1998). The Cripple 
Creek deposit is located east of the Rio Grande rift where extension is interpreted to have 
begun at  about  30 Ma, earlier  than that  of the Great  Basin.  The alkaline rocks hosting 
mineralisation at Cripple Creek are interpreted to have formed at the time of changeover 
from arc related magmatism of a compressional regime to alkaline magmatism brought on 
by mantle melting in response to extension (Kelley  et al., 1998). Other Au deposits are 
associated with the Rio Grande rift (Figure 2.3) from Colorado southeast to New Mexico 
(Mutschler et al., 1998; Jensen and Barton, 2000). 
Prior to extension in the Great Basin important high-K calc-alkaline andesite hosted high-
sulphidation Au deposits and minor related porphyry Cu-Au mineralisation formed along 
the Cordillera  at  roughly 25 to  18 Ma including Goldfields and Paradise Peak Nevada 
(John, 2001;  Figure 2.3).  Similar  deposits  have been identified in the SMO in Mexico 
including Mulatos and El Sauzal (Sillitoe, 2008). The age of mineralisation for both these 
deposits is poorly constrained but K-Ar dating of pre and post mineral volcanics at Mulatos 
provides a possible age range of 31.6 to 25 Ma.
Extension in the Great Basin of Nevada is associated with bimodal volcanism with mafic 
volcanism predominant over silicic rhyolites which have relatively  reduced compositions 
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and plot are tholeiites (John, 2001). The silicic volcanic rocks are interpreted to be products 
of  lower-crustal  anatexis  in response to  mafic  underplating (John, 2001).  The Northern 
Nevada rift, and similar parallel structures farther west, were the sites of low-sulphidation 
epithermal Au mineralization during a short interval (16–14 Ma) at the waning stages of 
rift-related volcanism that began at roughly 17 Ma (John, 2001). It has been proposed by 
Zoback et al. (1994) that the bimodal magmatism of the Northern Nevada rift results from 
inception of magma plume activity of the Yellowstone hotspot. 
In  northern  Mexico  SMO  calc-alkaline  volcanism  was  succeeded  at  about  31  Ma  by 
bimodal  volcanism,  mildly  alkaline  basaltic andesite  lavas  and  rhyolitic  tuffs  with 
peralkaline characteristics (McDowell  and Mauger,  1994). The Au-rich low-sulphidation 
vein  systems  of  the  SMO  that  formed  between  23  and  18  Ma  are  interpreted  to  be 
associated  with  ignimbrite  flareup and bimodal  volcanism associated  with  the  onset  of 
rifting.  These  deposits  are  considered  to  be  the  Mexican  equivalent  to  the  bi-modal 
volcanism and  rift  related  ~  15  Ma low-sulphidation  deposits  of  the  Great  Basin  and 
Nevada.
Adjacent  to  the northwest  extreme of  the study area of this  project  is  the Trans  Pecos 
magmatic province in southern Texas (Figure 2.3). The rocks of the Trans Pecos area are 
known for their alkaline chemistry and have been divided into three age groups related to 
different tectonic regimes: (1) 38 to 31 Ma calc-alkaline arc-related volcanic rocks and 
intrusions; (2) 30 to 27 Ma caldera forming ash-flow tuffs and silica undersatrated suites; 
and (3) 28 to 17 Ma alkaline non-arc mafic volcanism (Price and Henry, 1984; Nelson et  
al.,  1987;  James and Henry,  1991).  The mineral  deposits  of the Trans Pecos magmatic 
province include small porphyry Cu and epithermal Ag systems all related to the earliest 
calc-alkaline event although geochronological data of mineralisation is at present scarce 
(James and Henry, 1991).
2.2.5 The Present Understanding of the Plutonic and Volcanic History of Eastern Mexico
At present three groups of igneous rocks are considered to exist in eastern Mexico: (1) 
ignimbrites  associated  with the  eastern  portion of  the  SMO, (2)  Cenozoic  calc-alkaline 
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intrusive  rocks  equivalent  to  the  SMO,  and  (3)  alkaline  intrusive  and  volcanic  rocks 
interpreted to have formed as a result of within plate rifting (Sewell, 1968; Cantagrel and 
Robin,  1979;  Ferrari  et  al.,  2005b).  The  alkaline  rocks  are  distributed along a  roughly 
northwest-southeast trend, generally referred to as the Eastern Mexico Alkaline Belt (Figure 
2.3) or EAB (Sedlock  et al., 1993; Bloomfield and Cepeda-Davila, 1973; Cantagrel and 
Robin, 1979; Ferrari  et al., 2005b; Viera-Decida  et al., 2009). There have been scattered 
petrological  and  geochemical  studies  along  this  belt  but  this  work  has  often  not  been 
accompanied by geochronological studies, greatly hindering past interpretations. The dates 
that do exist are largely older K-Ar age determinations including some for which exact 
locations and rock geochemistry are not available (Sewell,  1968;  Cantagrel and Robin, 
1979; Robin, 1982).  The general lack of dates shrouds the rocks of the EAB in mystery. 
The  currently  accepted  interpretation  would  incorporate  most  igneous  rocks  of  eastern 
Mexico into the EAB, forming a series of Paleogene mafic alkaline volcanic fields and 
spatially related plutonic rocks that crop out from the U.S. border to where it intersects the 
TMVB (Ferrari et al., 2005b; Viera-Decida et al., 2009). Spanning over 1500 km in length, 
the igneous rocks assigned to the EAB constitute a prominent feature in the geology and 
geomorphology of eastern Mexico,  which is otherwise dominated by Mesozoic to early 
Paleogene marine and Neogene non-marine sedimentary successions of the Sierra Madre 
Oriental  (Figure  1.1).  Robin  (1982)  presented  a  model  for  the  formation  of  the  EAB 
igneous activity as a result of Gulf of Mexico-parallel rifting unrelated to subduction. The 
existence of a single volcanic field has been questioned by workers studying mafic volcanic 
fields at the south end of the EAB (within and immediately north of the TMVB) that have 
arc-affinities (Besch et al. 1988; Ferrari et al., 2005b). This latter work included the recent 
K-Ar and (2) Ar-Ar dates and defined three phases of mafic volcanism immediately north 
of the TMVB (Ferarri  et al., 2005b): (1) a Middle Miocene episode of arc-related calc-
alkaline volcanism south and east of the TMVB, (2) a late Miocene pulse of non-arc related 
alkaline basaltic volcanism throughout the eastern TMVB and (3) Quaternary calc-alkaline 
volcanism in the south of the TMVB. Ferrari  et al. (2005b) conclude that this complex 
series of volcanic events was  the result of subduction interrupted by a period of mantle 
melting  and  alkaline  mafic  volcanism  triggered  by  slab  tearing  and  detachment. 
Additionally these authors suggest that the alkaline volcanism in the TMVB may be related 
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to, and may be the southern extent of, alkaline rocks of the EAB as far north as the US 
border.
At the north end of the Mexican EAB are alkaline and calc-alkaline rocks of the Trans 
Pecos mountains in Texas. This volcanic field is far better studied. Geochronological and 
geochemical  investigations  indicate  that  arc-related  calc-alkaline  magmatism  was 
succeeded by non-arc, within plate and rift related alkaline magmatism at roughly 31 Ma 
and was contemporaneous with the cessation of subduction and the onset of extension (e.g. 
Price and Henry, 1984; Nelson et al., 1987; James and Henry, 1991). A similar pattern is 
observed throughout western North America (Dickinson, 2002).
The alkaline rocks of the EAB are exotic and include nepheline syenites. This may be why 
they have received far greater attention than the spatially related calc-alkaline magmatic 
rocks. Samples were collected of EAB rocks as part of this study for geochronological and 
geochemical  analysis  in  an  attempt  to  address  some of  these  omissions  and  presumed 
connections.
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CHAPTER 3: METHODOLOGY
3.1 Fieldwork
Over 100 intrusive centres in eastern Mexico were examined by the author over several 
field campaigns from 2002 to 2008. Special attention was paid to intrusive centres known 
to host mineralisation or identified as such during the course of work. The field work was 
regional in nature and the samples analysed in the study were selected to provide a broad 
understanding  of  the  plutonic  rocks  in  eastern  Mexico  that  are  spatially  related  to 
mineralisation.  Several  unaltered  and  unmineralised  intrusive  complexes  encountered 
during the course of this work were also sampled in an effort to define the nature of rocks 
not associated with mineralisation.
Prior  to  the  commencement  of  fieldwork  the  locations  of  known  plutonic  rocks  were 
compiled  using  many published and unpublished  sources,  the most  important  of  which 
proved to be the past mapping by Ortega-Gutierrez et al. (1992). Sites of intrusions inferred 
to exist from Mexican government airborne magnetic mapping were also visited. Several 
trends are evident from both these sources and were confirmed in this study. The country 
rock  in  the  vicinity  of  many  of  the  intrusive  centres  comprises  Cretaceous  platform 
carbonate rocks, which typically display much lower magnetic susceptibility than intrusive 
rocks. Because of this, aeromagnetic maps of Mexico at a scale of 1:250,000 proved very 
useful in identifying the probable locations of intrusive rocks in poorly exposed or poorly 
mapped parts of eastern Mexico.
During the course of this study several zones of alteration were identified using remote 
sensing techniques and specifically hydroxyl responses in the infrared spectrum. Images 
were  acquired  from  the  Advanced  Spaceborne  Thermal  Emission  and  Reflections 
Radiometer  (ASTER) satellite  on-board  NASA’s  Terra  spacecraft.  The  thermal  infrared 
remote sensing capabilities of the ASTER satellite has been recognised to provide greater 
detail than past remote sensing platforms with respect to identifying hydroxyl development 
in non-vegetated areas (Rowen et al., 2003). 
Overall  200  sites  of  mineralisation  associated  with  intrusive  rocks  were  examined 
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throughout eastern Mexico. Host intrusive rocks were sampled to determine whole rock and 
trace element, petrographic and age information as described above. In addition samples 
were  taken for  multi-element  analysis  by ICP-MS and fire  assay techniques  for  Au to 
determine metal contents. All assay values reported are in ppm unless otherwise stated and 
were analysed at ALS Chemex Laboratories in North Vancouver, BC. In order to broadly 
characterise differences in alteration and mineralisation mineralogy polished thin sections 
were  prepared  where  appropriate.  Samples  of  open  space  vein  material  were  selected 
wherever possible for the preparation of thick sections for petrographic analysis of fluid 
inclusions.
3.2 Petrography
Polished thin sections were cut from all sampled intrusive rocks. Thin section offcuts were 
also  stained  for  aiding  the  identification  of  feldspar.  Feldspar  staining  was  done  by 
immersing the surface of the offcut in a bath of hydrofluoric acid (52 % conc.) for about 45 
seconds. The offcut was then rinsed with tap water and dried. The etched surface is then 
immersed in a saturated solution of sodium cobaltinitrite for about one minute. As a result 
of this process plagioclase is rendered light grey, the alkali feldspar appears bright yellow, 
and any quartz looks medium grey and glassy. The dark minerals usually appear corroded 
and can be detected by inspection. In some cases, hydrothermal origin alkali feldspar can be 
seen readily in the stained slabs, occurring along vein selvages and fractures.
3.2.1 Infrared Spectroscopy 
In order to get a better understanding of the geology and alteration systems in the project 
areas,  Almaden  Minerals  utilises  a  portable  ASD,  the  TerraSpec  visible-near  infrared 
(VNIR) – short-wave infrared (SWIR) spectrometer. Infrared spectrometry is a method for 
identifying hydrous and carbonate minerals and detecting chemical variations and trends in 
crystallinity of these minerals. Mineral identification is based on the interpretation of the 
wavelength, width and depth of absorption features in the infrared spectrum. The molecular 
bonds of a mineral determine the positions and shapes of the absorption features. Variations 
in chemical composition can be detected as the wavelength positions of features shift with 
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elemental  substitution.  SWIR  spectroscopy  can  also  be  sensitive  to  variations  in 
crystallinity.
The TerraSpec spectrometer is a field portable instrument with a spectral range of 350-2500 
nm, 6 to 7nm spectral resolution, and data collection  at 1/10 th of a second per spectrum.
3.2.2 Framework for Fluid Inclusion Petrography
Fluid inclusion petrographic analysis, even reconnaissance in scale, has been shown to be 
an effective tool for quickly characterising the nature of the trapped mineralising fluids in 
the  quartz  veins  examined.  In  many  cases  the  environment  of  mineralisation  can  be 
assessed  based  on  the  room  temperature  characteristics  of  the  trapped  fluids.  This 
application  is  ideally  suited  to  the  present  regionally  focused  study.  In  any  event  a 
meaningful  microthermometric  study  of  a  mineral  deposit  requires  hundreds  of 
measurements  from  many  samples  selected  to  represent  the  spatial  and  temporal 
distribution of veins (e.g. Bodnar, 1992). Such an endeavour was not only beyond the scope 
of  this  regional  investigation  but  also not  possible  in  many cases  due  to  the  sampling 
limitations described above.
Fluid inclusion petrography is perhaps most useful in the evaluation of intrusion centered 
hydrothermal  deposits  for  porphyry potential.  Many workers  have  accumulated  a  large 
knowledge base on the fluid inclusion characteristics associated with different processes 
and  resulting  alteration  assemblages  through  space  and  time  in  porphyry  Cu  systems 
(Reynolds  and  Beane,  1985;  Roedder  and  Bodnar,  1997;  Beane  and  Bodnar,  1995; 
Hedenquist  et al., 1998; Rusk  et al., 2008). The classification system used for porphyry 
fluid inclusion types in this study is that of Roedder (1971), Nash (1976) and Beane and 
Bodnar (1995). This classification, listed below and illustrated in Figure 3.1, is based on 
phase relations observed at room temperature.
• Type I inclusions: these are two phase liquid-vapour that are liquid-rich with the 
vapour bubble generally occupying less than 50% of the inclusion volume. Opaque 
daughter products may be present but never salt crystals.
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• Type II inclusions: these are also two phase liquid-vapour inclusions but the vapour 
bubble  occupies  most  of  the  inclusion  volume.  Rarely these  inclusion  can  have 
small opaque daughter products
• Type III inclusions: these are multi-phase inclusions that contain halite plus liquid 
and vapour. Many other phases are common including opaque daughter products 
and commonly chalcopyrite (Beane and Bodnar, 1995).
• Type IV inclusions: CO2 bearing vapour-rich inclusions.
Exhaustive  and  comprehensive  studies  of  the  fluid  inclusions  from  several  porphyry 
deposits around the world allow for the interpretation of these fluid inclusion types (eg. 
Reynolds and Beane, 1985; Hedenquist et al., 1998; Rusk et al., 2008). The observations of 
these studies  are  consistent  with the multistage model  for  magmatic-hydrothermal  fluid 
evolution in porphyry systems of Burnham (1979). In this model a cooling and crystallising 
magma exsolves an aqueous phase at lithostatic pressure. Water pressures cause fracturing 
and brecciation which then result in the sudden onset of hydrostatic conditions. The system 
may then seal allowing these events to be repeated multiple times, often in response to 
renewed magmatism.  The fluid inclusion  types  that  are  trapped record each successive 
pressure-temperature environment. Since the conditions vary considerably over time in a 
dynamic  porphyry  system,  fluid  inclusions  representative  of  contrasting  pressure-
temperature environments may overprint each other in the same grain of quartz, recording 
each  successive  event.  The  resulting  complicated  diversity  and  sheer  volume  of  fluid 
inclusions makes the usefulness of small microthermometry datasets questionable. More 
important  is  the  identification  of  the  presence,  absence  and  coexistance  of  the  fluid 
inclusion types described above which allows for interpretation of the level of erosion and 
depth of emplacement of the intrusive system. This has been the approach of the present 
study.
Type  I  inclusions  are  the  most  common  in  porphyry  systems.  In  shallowly  emplaced 
systems type I inclusions with vapour less than 50% of the inclusion volume are associated 
with late-stage quartz-sericite-pyrite and chlorite-chalopyrite rich veins (Beane and Bodnar, 
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1995). In more deeply-emplaced plutons like Butte Montana and Binghham Canyon early 
type I inclusions with vapour occupying 50 to 80% of the inclusion volume are the earliest 
inclusions and represent the primary magmatic fluid that exsolved as a metal-rich vapour 
(Roberts, 1975; Redmond et al., 2005; Rusk et al., 2008). Such inclusions are classified as 
type III vapour-rich in some studies but are described by Redmond et al. (2005) and herein 
as “critical type”. At the well studied Bingham Canyon (Redmond et al., 2005) and Butte 
(Rusk et al., 2008) porphyry deposits these inclusions are found only at deeper levels. At 
Bingham Canyon the upper limit of critical type inclusions corresponds with the lower limit 
of economic Cu mineralisation (Redmond et al., 2005). At Butte critical inclusions with ~ 
60% vapour are found throughout the deposit while critical inclusions with ~ 35% vapour 
are found only at great depths. Critical inclusions are often randomly distributed and are 
rarely secondary.
Type II inclusions commonly occur alone or with type III inclusions. In shallowly emplaced 
porphyry  systems  type  II  inclusions  dominate  above  the  early  lithostatic-hydrostatic 
boundary and are associated with hypogene alunite which formed from the same magmatic 
vapour-rich  fluid  as  that  trapped  (Hedenquist  et  al.,  1998).  Sometimes  a  hydrothermal 
system can go into the vapor-halite field if the system is shallow and “flashes” to steam due 
to an abrupt change from lithostatic to hydrostatic (e.g., Morgan  et al., 2003). This was 
shown previously by Muntean and Einaudi (2000) in the Maricunga Au belt where vapour-
rich inclusions dominate banded quartz-magnetite Au-bearing veins.
In  deeper  porphyry  systems  like  Butte,  early  critical  inclusions  represent  the  primary 
magmatic fluid (Rusk et al., 2008). In shallow porphyries type II and III inclusions can be 
exsolved directly from the magma (e.g. Audetat  et al., 2008). Type III inclusions without 
coexisting type  II  inclusions  are  common in deeper,  non-porphyry systems (Beane  and 
Bodnar, 1995). A recent review of the fluid inclusion petrography for Cu-Au skarn systems 
reveals that the same fundamental concepts apply to this deposit type as well.  Productive 
intrusion  related  skarns  show  the  same  progression  from  lithostatic  to  hydrostatic 
conditions  reflected  in  the  distribution  of  fluid  inclusions  as  late  type  I  inclusions 
overprinting an early coexisting type II and type III fluid inclusion assemblage which itself 
may or may not overprint even earlier critical inclusions.
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Figure 3.1. Photomicrographs of Representative Fluid Inclusion Types.  Taken from Bodnar, 1995. A. 
Type I liquid-rich synthetic fluid inclusion containing low salinity liquid (L) and vapour (V). B. Type I 
liquid-rich inclusions C. Type I liquid-rich inclusions. D. Type II vapour-rich and type III multi-phase 
inclusions. H indicates halite crystal. E. Critical type inclusions containing chalcopyrite daughter mineral 
(indicated by arrow). F. Critical type inclusions containing chalcopyrite daughter mineral (indicated by 
arrow). G. Type II vapour-rich and type-III multi-phase inclusions. H. Type III multi-phase inclusion, 
arrow points to chalcopyrite daughter mineral. I. Type III multi-phase inclusions, arrow points to 
chalcopyrite daughter mineral. J. Type III multi-phase inclusion containing chalcopyrite daughter mineral 
(c). K. Type III multi-phase inclusions, arrow points to chalcopyrite daughter mineral. J. Type III multi-
phase inclusion containing chalcopyrite daughter mineral (c).
B
In contrast to the fluid inclusion petrographic framework for porphyry deposits described 
above the equivalent for low-sulphidation epithermal systems is much simpler although 
equally well defined. Fluid inclusions trapped in the epithermal environment greatly differ 
from deeper environments. Extensive research on low-sulphidation systems shows that Au-
Ag deposition occurs from dilute (<5wt% NaCl equivalent) solutions while that of Ag-Pb-
Zn vein systems is from 10 to 20 wt% NaCl equivalent fluids that deposited metal rich 
layers episodically between episodes of gangue, quartz-calcite deposition from dilute fluids 
(Simmons et al., 2005). Fluid inclusions from epithermal veins typically contain only two 
phases at room temperature; low salinity H2O and vapour. Daughter minerals are noticeably 
absent (Bodnar et al., 1985). The existence of one phase liquid-filled inclusions coexisting 
with inclusions having variable liquid to vapour ratios indicate the presence of “necking” or 
healing of the inclusion cavities at low temperatures. Bodnar  et al. (1985) explains that 
trapping  temperatures  of  such  inclusions  are  generally  less  than  200°C.  In  contrast 
inclusions in growth zones exhibiting constant liquid to vapour ratios generally homogenise 
to temperatures greater than 200°C (Bodnar et al., 1985). Fluid inclusion petrography can 
therefore identify low and high temperature portions of the epithermal environment. Since 
low-sulphidation epithermal  systems form in a largely hydrostatic  environment,  the co-
existence of vapour rich and liquid rich inclusions, is indicative of boiling. In this study 
inclusions  were  classified  as  dilute  if  no  daughter  minerals  were  observed  at  room 
temperature.
3.3 Geochemistry
3.3.1 Whole Rock and Trace Element
A total of 61 samples were collected for whole-rock geochemical analysis. Large (>5 kg) 
samples were taken of igneous material intended for whole rock geochemical and isotope 
analysis to ensure that representative samples were taken and to collect enough material for 
the variety of analyses being undertaken. The samples were analysed for major and trace 
elements  using  X-ray  fluorescence  and  inductively-coupled  plasma  mass  spectrometry 
(ICP-MS) by ALS Chemex Laboratories (ALS Chemex) of North Vancouver. ALS Chemex 
has received ISO 17025 accreditation from the Standards Council of Canada under CAN-P-
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4E (ISO/IEC 17025:2005), the General Requirements for the Competence of Testing and 
Calibration  Laboratories,  and  the  PALCAN  Handbook  (CAN-P-1570)  part  of  the 
requirements for which include ALS Chemex's dedicated Quality Control Chemists. 
Rocks were selected from the freshest accessible outcrops however some of the samples 
necessarily  represent  highly  altered  material.  Least  altered  and  weathered  rock  were 
preferentially  sampled.  Samples  for  whole  rock  geochemical  analysis  were  shipped  to 
Vancouver where altered and weathered material was removed as best as possible using a 
diamond saw before submittal to ALS Chemex. At ALS Chemex samples were first crushed 
to 70% less than 2mm and then pulverised with tungsten carbide rings to 85% less than 75 
microns from which a split was taken for analysis. The crushing and pulverising equipment 
was washed subsequent to processing each sample as a precaution against contamination.
Samples were analysed for 38 trace elements using ICP-MS, ferrous iron by titration and 
major elements and loss on ignition (LOI) using X-ray fluorescence spectrometry (XRF). 
Samples for XRF analysis were prepared by adding 0.9 g of calcined or ignited sample to 
9.0g of Lithium Borate Flux (50 % - 50 % Li2B4O7 – LiBO2), mixed well and fused in an 
auto fluxer between 1050 - 1100°C. A flat molten glass disc ws prepared from the resulting 
melt and the disc then analysed by XRF. Ferrous iron was determined by first digesting the 
sample  powder  with  sulphuric  and  hydrofluoric  acids.  The  sample  solution  containing 
ferrous iron was then titrated in a beaker containing diluted sulphuric acid, orthophosphoric 
acid and boric acid with K dichromate solution. Trace elements were determined by ICP-
MS. Samples for this analysis were prepared by adding 0.2 g of sample powder to a Li 
metaborate flux (0.90 g), which was mixed well and then fused in a furnace at 1000°C. The 
resulting melt is then cooled and dissolved in 100 mL of 4% HNO3 / 2% HCl solution. This 
solution is then analyzed by ICP - MS.
PCIGR standards (P-1, BAS-1) were inserted into the sample stream submitted to assess 
accuracy for quality control purposes. ALS Chemex employs an internal quality control 
program which includes the insertion of blanks, duplicates and standards into the sample 
stream. Standards analysed as part of ALS Chemex Laboratories internal quality control 
program returned Ta and Nb values within 2 standard deviations of the expected values 
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(Appendix C).
3.3.2  Ar-Ar Geochronology
The  samples  selected  for  analysis  were  of  “fresh”  primary  minerals  not  affected  by 
subsequent  alteration  or  weathering.  Attempts  to  date  alunite  samples  from  several 
prospects  were  unsuccessful  because  it  proved  impossible  to  produce  clean  alunite 
separates  for  analysis.  The  mineral  separations  and  40Ar-39Ar  geochronology  were 
performed at the Noble Gas Laboratory, PCIGR. The techniques employed are the same as 
those carried out by Richer et al. (2009) and are summarised below.
The  mineral  separates  for  Ar-Ar  geochronology  were  wrapped  in  aluminum  foil  and 
stacked in an irradiation capsule with similar-aged samples and neutron flux monitors (Fish 
Canyon Tuff sanidine, 28.02 Ma: Renne et al., 1998). The samples were irradiated at the 
McMaster Nuclear Reactor in  Hamilton,  Ontario,  for 24 MWH, with a  neutron flux of 
approximately 3 x 1016 neutrons/cm2  per second. The mineral separates were step-heated at 
incrementally  higher  powers  in  the  defocused  beam of  a  10-W CO2 laser  (New Wave 
Research MIR10) until fused. The gas evolved from each step was analyzed by a VG5400 
mass spectrometer equipped with an ion-counting electron multiplier.  All  measurements 
were corrected for total system blank, mass spectrometer sensitivity, mass discrimination, 
radioactive  decay  during  and  subsequent  to  irradiation,  as  well  as  interfering  Ar  from 
atmospheric contamination and the irradiation of Ca, Cl, and K (isotope production ratios: 
(40Ar/39Ar)K = 0.0302 ± 0.00006, (37Ar/39Ar)Ca = 1416.4 ± 0.5, (36Ar/39Ar)Ca = 0.3952 ± 
0.0004, Ca/K = 1.83 ± 0.01(37ArCa/39ArK). 
Ages reported herein were determined by plateau (spectrum) and inverse correlation plots, 
using Isoplot 3.09 (Ludwig, 2003). Errors are quoted at the 2-sigma (95% confidence) level 
and are propagated from all sources except mass spectrometer sensitivity and age of the 
flux monitor. Complete data sets, isochron and plateau diagrams for each sample analysed 
are provided in Appendix F.
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3.3.3 U-Pb Geochronology
U-Pb dating was undertaken on zircons  separated  from a total  of  26 samples.  Mineral 
separations from 0.5 to 5 kg samples were done at the PCIGR, using conventional crushing, 
pulverizing, and wet shaking table concentration methods, followed by heavy liquid and 
magnetic separation. Many of the samples that were processed were from rocks affected by 
hydrothermal  alteration  and  mineralization;  therefore  in  some  cases  an  acid  flotation 
method was  employed to  remove the  abundant  sulphides  that  reported  with the  zircon 
concentrate.
U-Pb analyses were carried out using laser ablation (LA) ICP-MS methods. Most of the 
samples were analysed at the PCIGR; however,  five samples were dated at  Washington 
State  University  (WSU)  in  Pullman,  Washington,  U.S.A.  Identical  instrumentation  was 
employed in the two laboratories; this comprises a New Wave UP-213 laser ablation system 
and a ThermoFinnigan Element2 single collector, double-focusing, magnetic sector ICP-
MS.  Data  acquisition  and  reduction  protocols  differ  somewhat  between  the  two 
laboratories.  At  PCIGR  the  author  examined  the  zircon  grains  using  back-scattered 
electrons. At WSU the zircons grains were examined using cathodoluminescence and at 
both facilities grains were carefully examined using binocular and transmitted microscopes.
At WSU the laser operated with a fluence of 10-11 J/cm2 and a frequency of 10Hz, with a 
30μm diameter ablation spot. Signals were collected for 36 seconds in 300 sweeps with a 
counting  efficiency  of  86%  per  analysis.  Quality  control  measures  included  the 
measurement  of  blanks  of  the  same  material,  providing  a  duplicate  measurement  for 
precision, and the analysis of standards to assess accuracy. Blanks were measured before 
each  analysis  for  blank  correction.  Standards  with  ages  of  564  Ma (“Peixe”;  Gehrels, 
unpublished data) and 1099 Ma (“FC1”; Paces and Miller, 1993) were analyzed after 5 to 
10 unknown minerals to correct for mass bias and fractionation of U and Pb. Laser induced 
time dependent  elemental  fractionation,  was corrected using the regression line method 
(Sylvester and Ghaderi, 1997; Horn et al., 2000; Kosler  et al., 2002). Data reduction was 
completed with an in-house program at Washington State University (Chang et al., 2006). 
The plotting of cumulative probability diagrams was carried outs using the program of 
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Ludwig (1999).
The  methodology  at  the  PCIGR  has  been  described  by  Tafti  et  al. (2009),  and  is 
summarized  below.  Zircons  were  handpicked  from the  heavy  mineral  concentrate  and 
mounted in an epoxy puck along with several grains of either the Plešovice zircon standard 
(Sláma  et al., 2007) or a 116 Ma in-house standard zircon (“Sackinaw”), together with a 
separate in-house, 197 Ma standard zircon, and brought to a very high polish. High quality 
portions  of  each  grain  free  of  alteration,  inclusions,  or  possible  inherited  cores  were 
selected for analysis. The surface of the mount was washed for 10 minutes with dilute nitric 
acid and rinsed in ultraclean water prior to analysis. Line scans rather than spot analyses 
were  employed  in  order  to  minimize  elemental  fractionation  during  the  analyses. 
Backgrounds were measured with the laser shutter closed for ten seconds, followed by data 
collection with the laser firing for approximately 29 seconds. The time-integrated signals 
were  analysed  using  GLITTER software  (Van  Achterbergh  et  al.,  2001;  Griffin  et  al., 
2008), which automatically subtracts background measurements, propagates all analytical 
errors,  and  calculates  isotopic  ratios  and  ages.  Corrections  for  mass  and  elemental 
fractionation were made by bracketing analyses of unknown grains with replicate analyses 
of the Plešovice or Sackinaw zircon standard. A typical analytical session at the PCIGR 
consists of four analyses of the standard zircon,  followed by four analyses of unknown 
zircons,  two  standard  analyses,  four  unknown analyses,  etc.,  and  finally  four  standard 
analyses. For the assessment of accuracy and precision the 197 Ma in-house zircon standard 
was  analysed  as  an  unknown  in  order  to  monitor  the  reproducibility  of  the  age 
determinations  on  a  run-to-run  basis.  Final  interpretation  and plotting  of  the  analytical 
results  employ  ISOPLOT  software  (Ludwig,  2003).  Interpreted  ages  are  based  on  a 
weighted average of the individual calculated 207Pb/206Pb ages.  
Although zircons typically contain negligible amounts of initial common Pb, it is important 
to monitor the amount of 204Pb present in order to evaluate the amount of initial common 
Pb, and/or blank Pb, that is present in the zircons being analyzed.   The argon that is used in 
an ICP-MS plasma commonly contains at least a small amount of Hg and approximately 
7% of natural Hg has a mass of 204.  Measured count rates on mass 204 include 204Hg as 
well as any 204Pb that might be present, and direct measurement of 204Pb in a laser ablation 
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analysis  is  therefore  not  possible.   Instead,  mass  202  is  monitored;  this  corresponds 
exclusively to 202Hg.  The expected count rate for 204Hg present in the analysis can then be 
calculated from the known isotopic composition of natural Hg, and any remaining counts at 
mass 204 can be attributed to 204Pb.  Using this method it is possible to conclude that there 
was no measurable 204Pb present in any of the analyses in this study.
3.3.4 Pb Isotope Studies
3.3.4.1 Background
Lead isotope studies can provide constraints on the source of metals and the pathways of 
the fluids that deposited them. Lead isotope compositions of sulphide minerals can also 
provide  relative  or  absolute  chronological  information.  Many workers  have  utilised  Pb 
isotopes in the study of ore deposits. A review of Pb isotope uses in the study of mineral 
deposits  by Tosdal  et  al. (1999)  provides  the  following  framework  for  the  Pb isotope 
investigations of this study.
Lead isotope geochemistry is largely built  around three isotopes of Pb (208Pb,  207Pb and 
206Pb)  that  are  partly  the  radiogenic  daughter  products  of  decay  of  a  thorium isotope 
(232Th→208Pb) and two U isotopes (238U→206Pb and  235U→207Pb). A fourth isotope of Pb 
(204Pb) is not the daughter product of a parent isotope nor does it decay to another. For these 
reasons 204Pb is considered stable and Pb isotope data are commonly examined as ratios of 
radiogenic isotopes to the stable 204Pb (208Pb/204Pb, 207Pb/204Pb, 206Pb/204Pb). Because the half 
life of 235U is shorter than that of  238U there was a rapid increase in  207Pb relative to  206Pb 
early  in  the  earth's  early history and  207Pb growth  over  the  last  billion  years  has  been 
negligible (Tosdal et al., 1999). 
Lead isotope data are typically presented on two diagrams;  208Pb/204Pb, vs.  206Pb/204Pb and 
207Pb/204Pb vs. 206Pb/204Pb. The former is called the thorogenic diagram because it contrasts 
the radiogenic daughter of Th to that of the most abundant U isotope,  238U. The latter is 
called  the  uranogenic  diagram because  it  plots  235U vs.  238U in  the  form of  the  ratios 
207Pb/204Pb and 206Pb/204Pb respectively. Important information reflecting the Th/U and U/Pb 
history of a sample can be derived from these plots (Tosdal et al., 1999). Zartman and Doe 
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(1981) suggest that there are three idealised reservoirs of U-Th-Pb; the mantle, lower crust 
and upper crust. Model curves for each of these sources are derived and many Pb isotope 
studies of ore deposits and magmatism compare Pb isotope data to these model reservoirs 
(Tosdal et al., 1999). These idealised reservoirs provide a useful framework for comparison. 
However while these U-Th-Pb reservoirs are found in distinct parts of the earth, geologic 
events such as deformation and partial melting may “muddy the waters” of the U-Th-Pb 
system and transfer these ideal reservoirs to other parts of the earth (Tosdal et al., 1999).
Lead isotope data is often referenced to model Pb isotope growth curves representing the 
Pb isotope evolution of the continental crust based on Pb isotope compositions of galena 
from ore  deposits.  In  this  study the  growth  curves  of  Stacey and Kramers  (1975)  and 
Zartman and Doe (1981) were used and shown on the figures. The curve of Stacey and 
Kramer  (1975)  is  based  on  analyses  of  galenas  from a  wide  variety  of  hydrothermal 
deposits worldwide, and is thought to provide a general approximation of the evolution of 
Pb in upper crustal settings.
The average crustal Th/U is about 3.8, therefore measured  208Pb/204Pb at a given 206Pb/204Pb 
that  plot  above  the  growth  curve  of  Stacey and  Kramers  (1975)  indicate  Th/U values 
greater than that of the average crust. This is common for rocks that have undergone high 
grade metamorphism in the lower crust (Zartman and Doe, 1981). Conversely values of 
208Pb/204Pb at a given 206Pb/204Pb that plot below the same growth curve are less than that of 
the crustal average. Island arcs, ocean island basalts and chemical sediments typically have 
these depleted values (Tosdal  et al., 1999). The average crust has a U/Pb value of 9.74 
(Stacey  and  Kramers,  1975;  Zartman  and  Doe,  1981)  and  can  be  similarly  used  for 
interpretation.  Measured  207Pb/204Pb vs. 206Pb/204Pb that are higher than the crustal average 
are indicative of crustal regions where radiogenic rock evolved in the Archean because of 
the relative abundance of 235U at this time. Lower 207Pb/204Pb vs. 206Pb/204Pb values than the 
crustal average indicate a lack of radiogenic Pb which could mean derivation from a mantle 
source (Zartman and Doe, 1981). Mantle derived magmas typically have low Pb values (<2 
ppm) but feldspar rich crustal rocks can have 10 to 30 ppm Pb. Incorporation of relatively 
small  amounts  of  crustal  material  into  a  largely  mantle  derived  magma  can  therefore 
disproportionately modify the Pb isotope composition of a mantle-derived melt. 
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Because of heterogeneity, local Pb isotope curves applicable to the specific crustal regions 
under investigation need to be derived before Pb isotope data can be used for absolute 
chronological  purposes.  In  this  study Pb  isotope  data  of  Cumming  et  al. (1979)  from 
epithermal veins, skarn and CRD deposits of central Mexico and the study of James and 
Henry (1991) for the Trans Pecos magmatic province in Texas are used for comparison.
3.3.4.2 Methodology
Lead isotope studies of shallow magmatic hydrothermal intrusive related ore deposits show 
that  Pb  isotope  compositions  increase  outward  from a  magmatic  porphyry  core  to  the 
peripheral deposits on a district scale (Tosdal et al., 1999). Most porphyry Cu deposits in 
Chile have relatively homogenous Pb isotope compostions however late stage veins in these 
deposits have a range of Pb isotope compositions reflecting perhaps involvement of a non 
magmatic fluid at later stages of porphyry development (Tosdal et al., 1999).
Sulphide  samples  were  collected  from numerous  mineral  deposits  and  occurrences  that 
were examined. Samples for Pb isotope study were sent to the PCIGR at the University of 
British Columbia.
Fresh,  inclusion-free  feldspar  grains  for  Pb  isotopic  analysis  were  hand-picked  from 
crushed intrusive samples using a binocular microscope. Clean grains of sulphides were 
also hand-picked from crushed sulphide-bearing samples. Trace Pb sulphide samples were 
prepared from 10-50mg of hand-picked pyrite crystals, which were leached in dilute nitric 
acid then hydrochloric acid to remove surface contamination before dissolution in dilute 
nitric acid. Trace Pb feldspar samples were prepared from 10-50mg of hand-picked feldspar 
crystals,  which  were  leached  in  dilute  hydrochloric  acid  then  dilute 
hydrofluoric/hydrobromic  acids  to  remove  surface  contamination  before  dissolution  in 
hydrofluoric  acid.  Separation  and  purification  of  Pb  employed  ion  exchange  column 
techniques.  The  dissolved  samples  were  dried  down,  converted  to  chloride  form,  then 
dissolved  in  dilute  hydrobromic  acid.  This  solution  was  passed  through  ion  exchange 
columns, and the Pb eluted in 6N hydrochloric acid.  Small,  clean galena crystals were 
dissolved in 2N hydrochloric acid and taken to dryness. The resulting Pb chlorite crystals 
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were rinsed in 4N hydrochloric acid to remove possible interfering elements.
Approximately 10-25ng of the Pb in chloride form was loaded on a rhenium filament using 
a phosphoric acid-silica gel emitter, and isotopic compositions were determined in peak-
switching  mode  using  a  modified  VG54R thermal  ionization  mass  spectrometer.   The 
measured ratios were corrected for instrumental mass fractionation of 0.12%/amu (Faraday 
collector) per mass unit based on repeated measurements of the N.B.S. SRM 981 Standard 
Isotopic Reference Material and the values recommended by Thirlwall. (2000). Errors were 
numerically propagated including all  mass  fractionation and analytical  errors,  using the 
technique of Roddick (1987).  All errors are quoted at the 2 sigma level. A filament loaded 
with N.B.S. SRM 981 was analysed for every 7 samples, and the results added to a running 
mean for calculating the instrument fractionation. For quality control purposes precision 
was monitored through the analysis  of duplicates of a eight samples,  and accuracy was 
monitored by the analysis of PCIGR internal lab standard SRM981.
The analyses have been plotted with the model Pb growth curve of Stacey and Kramer 
(1975) for comparison. Age assignments follow the time scale of Harland  et al. (1990). 
The total procedural blank on the trace Pb chemistry was 64 pg.For analysis of feldspar and 
non-galena sulphide samples, approximately 10 to 50 milligrams of handpicked grains were 
first leached in dilute hydrochloric acid to remove surface contamination and then dissolved 
in dilute nitric acid. Samples of galena required no leaching and were directly dissolved in 
dilute  hydrochloric  acid.  Following  ion  exchange  chemistry,  approx  imately  10  to  25 
nanograms of Pb in chloride form was loaded on rhenium filaments using a phosphoric 
acid-silica gel emitter.  Isotopic ratios were determined with a modified VG54R thermal 
ionization mass  spectrometer  in  peak-switching mode on a  Faraday detector.  Measured 
ratios were corrected for instrumental mass fractionation of 0.12%/amu based on repeated 
measurements of the NBS 981 standard and the values recommended by Thirwall (2000). 
Errors were numerically propagated throughout all calculations and are reported at the 2σ 
level.
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CHAPTER 4: PLUTONIC ROCKS OF EASTERN MEXICO
4.1 Distribution and Petrography
A northwest trend of intrusive rocks in eastern Mexico is immediately evident from an 
inspection of available geological maps and magnetics surveys (Figures 1.1, 1.2). In the 
past this trend has been called the eastern alkaline belt or EAB (Bloomfield and Cepeda-
Davila,  1973;  Cantagrel  and  Robin,  1979;  Ramirez-Fernandez  et  al.,  2000;  Hamblock, 
2002; Ferrari, 2004; Viera Decida et al., 2009). Nevertheless within the overall northwest 
trend  there  are  at  least  two very prominent  east-west  trending  belts  of  intrusive  rocks 
(Figure  1.2).  In  this  study  these  east-west  trends  of  intrusions  are  referred  to  as  the 
Moncolva-Candela (MC) and the Concepcion del Oro-San Carlos (COSC) trends.  
The intrusive rocks identified and studied in this survey are for the most part not quartz-
normative,  medium  grained  and  equigranular  to  porphyritic  in  texture.  Samples  were 
selected from 61 intrusive centres  for geochemical,  petrographic and where appropriate 
geochronological analysis. Since the geography of the majority of the northern part of the 
study area is extremely arid, several of the intrusive centres were significantly weathered 
and/or oxidized. It was not possible to obtain unoxidised samples from these sites. Many of 
the intrusive centres have been subject to texturally destructive hydrothermal alteration. As 
a result the primary igneous mineralogy and textures were impossible to determine in some 
cases.  Alteration  related  metasomatism  has  affected  the  major  and  trace  element 
composition of these rocks. In these samples hornblende and pyroxene are generally altered 
to  chlorite  while  the  groundmass  is  commonly  altered  to  brown  clay.  Plagioclase 
phenocrysts are often altered to varying degrees to sericite. In some cases coarse crystals of 
muscovite were identified. Pyrite is common in the gabbroic rocks, invariably replacing 
magnetite. The quartz saturated rocks that were studied are K-silicate (mica) altered to an 
assemblage of sericite-pyrite. 
During the course of this study two main groups of intrusive rocks were identified outside 
of the TMVB: (1) syenite intrusions that are unaltered and located north of the TMVB; and 
(2) gabbroic to dioritic intrusions that are generally altered and often associated with skarn 
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and porphyry style mineralization. The intrusions along the Monclova-Candela (MC) and 
Concepcion del Oro-San Carlos (COSC) trends, were found to host significant porphyry 
and skarn type mineralisation. The gabbroic to dioritic intrusions are often not associated 
with significant coeval volcanic products. 
The  syenites  seem  to  be  spatially  aligned  in  a  northwest  trending  belt  of  intrusive 
complexes from the intrusive rocks represented by samples Coah-1,2,6,7,8 at the northwest 
end to the Sierra de Tamaulipas represented by samples T1, T2 and T3 at the southeast 
(Figure 1.2). Two samples (Coah-12 and 1174) were taken from the Cerro Picacho alkaline 
plutonic complex in the central portion of the trend (Figure 1.2).
Within the TMVB the plutonic  rocks studied are  commonly associated with significant 
volcanic  rocks  which  are  presumed  to  be  coeval.  These  intrusions  are  associated  with 
epithermal and porphyry style alteration and mineralisation.
4.1.1 Intrusive Rocks of Northern Mexico
The northeastern portion of Mexico is very arid and most of the intrusive rocks at the sites 
visited  are  highly  weathered.  The  country  rocks  are  dominated  by  thick  carbonate 
successions  of  the  Sierra  Madre  Oriental.  Thrust  faulting  and  associated  folding  have 
resulted in a  basin and range type topography with arcuate to linear  ridges,  sometimes 
hundreds of km long and over a km high, separating parallel basins. Outcrops of intrusive 
rocks in this area are often prominent topographic highs that punctuate the otherwise linear 
regional  basin  and  range  topography  with  easily  distinguishable  ridges  that  are  often 
elliptical in shape. Intrusive outcrops also generally form red to orange colour anomalies 
against the generally grey outcrops of carbonate country rock and alluvium of the basin 
floors (Figure 4.1 A).
4.1.1.2 Alkaline Rocks and Syenites
The syenite outcrops identified occur along a northwest trending zone from Coahuila to the 
Sierra de Tamaulipas north of Ciudad Victoria, Tamauplipas State (Figure 1.2). Samples 
Coah-1,  Coah-2,  Coah-6,  Coah-7,  Coah-8,  Coah-12,  1174 and T2 are  from the  syenite 
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intrusions identified. The syenite outcrops often have red iron-rich coatings but fresh faces 
are light in colour with prominent dark mafic sites (Figure 4.1 D). These rocks are generally 
fine  grained  and  porphyritic  with  alkali  feldspar  and  nepheline  phenocrysts. 
Interpenetrating  subhedral  alkali  feldspar  crystals  generally  make  up  the  groundmass, 
although minor amounts of anhedral nepheline were identified in the groundmass of some 
samples. Mafic minerals generally make up less than 10% of these rocks and are largely 
composed of hornblende with minor amounts of biotite and pyroxene in some specimens. 
Magnetite  occurs  in  the  groundmass  of  all  the  syenite  specimens  examined.  Feldspar 
staining helped confirm the dominance of  alkali  feldspar  and with the identification of 
nepheline. Samples Coah-1, Coah-6 and Coah-12 were also submitted for geochronological 
study. 
Sample Coah-1 is a fine grained nepheline syenite.  Phenocrysts of nepheline and alkali 
feldspar are present. Euhedral shaped phenocrysts of alkali feldspar are up to 0.05 mm long. 
The groundmass is made up of interpenetrating crystals of subhedral alkali feldspar with 
patchy interference colours due to multiple twinning and microperthite. Minor biotite and 
green amphibole also occur in the groundmass (Figure 4.1 C). Coah-2 is medium grained 
and composed of interpenetrating subhedral tabular alkali feldspar crystals. Minor anhedral 
green pyroxene, amphibole and brown biotite are interstitial to feldspar phenocrysts. Coah-
6 is a fine grained nepheline syenite made up of interlocking and interpenetrating crystals 
of  alkali-feldspar  and  minor  nepheline  identified  by  its  uniform  interference  colours. 
Roughly 5% of the groundmass is composed of green amphibole. Coah-7 and Coah-8 are 
weathered medium grained subhedral granular syenites. Minor plagioclase is present. Mafic 
minerals  interstitial  to  feldspar  crystals  have  been  weathered  away leaving  a  haematite 
residue. Coah-12 is a nepheline syenite and appears very similar to Coah-6 but is highly 
weathered and no mafic minerals remain in the section examined. Minor nepheline occurs 
interstitial to interpenetrating tabular subhedral alkali feldspar crystals (Figure 4.1 B). T2 
and 1174 are from the Sierra de Tamaulipas, the southernmost syenite body sampled in this 
study.  These rocks are  from a medium grained syenite  with a  groundmass  made up of 
interpenetrating  alkali  feldspar.  Minor  apple  green  anhedral  amphibole  is  interstitial  to 
euhedral feldspar crystals. Rare phenocrysts of alkali feldspar up to 0.03 mm in length were 
also noted.
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Figure 4.1. Photos and Photomicrographs of Intrusive Rocks of Northern Mexico. A. Ridge forming 
syenite outcrop from the air, Cerro Picacho (Sample Coah-12). B. Syenite Cerro Picacho, Sample Coah-
12; Nepheline phenocrysts (N) in alkali-feldspar groundmass. PPL 5X power, field of view 3 mm. C. 
Biotite (b) clot, sample Coah-1. PPL, 10X D. Hand specimen, sample Coah-2. Dark crystals are 
pyroxene. E. Clinopyroxene (Cp) and plagioclase (P) in a gabbro (Sample Coah-5), XPL, 5X power. F. 
Hand Specimen of gabbro, sample Coah-5.
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4.1.1.2 Gabbro to Quartz Diorites
Apart from the syenites, most of the intrusive rocks sampled in the portion of the study area 
north of the TMVB, including all of those in the MC and COSC trends (Samples 1170 to 
1173, 9012, 580833, PANUCO, Coah-5, Coah-10, Coah-11, Coah-13 to Coah-20, SC-2), 
are fine to medium grained, gabbroic to dioritic in composition, generally comprised of 
over 50% plagioclase and variably altered. All rocks were plagioclase-phyric with mafic 
minerals  making up less  than 30% of the rock volume.  Plagioclase also dominates  the 
groundmass  which  is  also  made  up  of  minor  (<  10%)  clinopyroxene  (Figure  4.2  B), 
hornblende  and  rarely  biotite.  Rarely  were  both  pyroxene  and  hornblende  phenocrysts 
observed in the same rock.  Alkali feldspar occurs in the groundmass but is very difficult to 
identify in thin section. The  presence of alkali feldspar was largely confirmed by feldspar 
staining. Alkali feldspar appears to make up less than 10 to 20% of the rocks examined. 
Magnetite is common component in the groundmass of all the rocks studied. The rocks are 
generally  undersaturated  with  respected  to  quartz.  Notable  exceptions  are  the  altered 
quartz-phyric plutonic rocks identified at Concepcion del Oro (Figure 4.2 C; samples CDO 
and Pen-1 from the Penaaquito breccia) and a late stage altered quartz-diorite at San Carlos 
(sample SC-1). The intrusions at both of these localities are host to porphyry Cu and skarn 
mineralisation. At San Carlos more abundant alkali feldspar is present but it largely occurs 
along fractures and as selvages to veins, clearly indicating a hydrothermal origin (4.2 E). 
Figures 4.2 A to F illustrate common textures of the intrusive rocks of the MC and COSC 
trends.
Samples T3, 15-1, Negra, SLP-1, Concordia and QTO-1 are from altered and mineralised 
intrusions located north of the TMVB and south of the COSC trend (Figure 1.2). Only the 
SLP-1 and QTO-1 are quartz phyric. All of the above intrusions have suffered partial to 
total texturally destructive alteration of its groundmass and plagioclase phenocryst sites. In 
general these intrusive centres are similar to the others examined in northern Mexico; fine 
grained  and  porphyritic  with  plagioclase  phenocrysts  and  a  groundmass  made  up  of 
plagioclase, clinopyroxene and minor biotite with little to no quartz. Alkali feldspar is a 
minor constituent that occurs in the groundmass of all samples. Identification was aided by 
feldspar staining. However, much of the alkali feldspar identified may be hydrothermal in 
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Figure 4.2. Photos and Photmicrographs of Intrusive Rocks of the Concepcion del Oro-San Carlos and 
Monclova-Candela Trends. A. Diorite outcrop at the San Jose Zone, San Carlos prospect. B. Gabbro, 
Sample Coah-14; Clinopyroxene (Cp) and biotite phenocrysts (b) in groundmass of interlocking 
plagioclase. PPL 50X power. C. Anhedral quartz phencrysts (Q) in an altered quartz-monzonite? PPL, 
50X (D. Hand specimen of altered diorite, sample PANUCO from the Panuco prospect. Dark crystals are 
pyroxene. E. Clinopyroxene (Cp) and plagioclase (P) phenocrysts in a groundmass of fine-grained 
(secondary?) K-feldspar, diorite from the San Carlos prospect (Sample 9019), XPL, 50X power. F. Hand 
Specimen of diorite, sample Coah-15.
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origin.  This  is  certainly the case with the highly altered diorite at  the Cabrito  prospect 
(Sample  T3)  where  alkali  feldspar  occurs  along  fractures  and  is  seen  to  flood  the 
groundmass.
4.1.2 Intrusive Rocks Located in the TMVB
The  intrusive  rocks  associated  with  mineralisation  are  also  generally  associated  with 
voluminous volcanic products presumed to be coeval. In general they are more intermediate 
in composition than the rocks examined to the north and south. Within the confines of the 
TMVB three porphyry systems were identified and sampled; Caballo Blanco, Tuligtic and 
the Puebla Skarn showing.
At Caballo Blanco, quartz-phyric dykes and subvolcanic quartz-diorite intrusive bodies are 
associated with potassic  and phyllic  alteration and accompanying Cu-Au mineralisation 
(Samples  CB,  3002,  3013).  The  mineralised  intrusive  complex  at  Caballo  Blanco  cuts 
andesitic volcanic rocks. Late to post mineral biotite dacite bodies also occur at Caballo 
Blanco and are observed to crosscut high-sulphidation mineralisation (Sample 3001). Fine 
grained K-feldspar occurs long fractures and is also common throughout the groundmass of 
these  rocks.  In  thin  section it  was  impossible  to  distinguish between K-feldspar  in  the 
groundmass and that along fractures. The fracture distributed K-feldspar is interpreted to be 
secondary in origin; that in the groundmass may also be secondary.
Within the Puebla Skarn was a quartz diorite (Sample 16-2) with biotite, quartz and altered 
plagioclase phenocrysts. Secondary biotite is also present in this sample. Very little alkali 
feldspar appears to be present in this sample as the results of feldspar staining attest.
Multiple  stages make up the intrusive complex at  the Tuligtic Cu-Mo porphyry system 
including a mineralised quartz phyric unit (Samples TG-1, 3014-3019 and 3022; Figure 4.3 
C).  The  intrusive  complex  cuts  an  earlier  equigranular  plagioclase-hornblende-quartz 
pluton affected by intense propylitic alteration (Sample 1234; Figure 4.3 A). Late chlorite 
altered mafic dykes were also observed crosscutting the altered Tuligtic intrusive complex 
(Samples TG2 and 3019, 3022).
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Figure 4.3. Photos and Photomicrographs of Intrusive Rocks of the TMVB. A. Regional granodiorite 
outcrop north of porphyry mineralisation at Tuligtic. B. Altered diorite (white, foreground) at the La Jolla 
prospect, Guanajuato. Ridges that make up the skyline are younger volcanic rocks. C. Late mineral 
quartz-diorite, Tuligtic. D. LasMinas, Sample 28-1, quartz (Q) and biotite, PPL, 50X E. Clinopyroxene 
phenocryst (Cp), Sample 28-1, XPL 50X.
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At the Tetela de Oro, epithermal Au showing, a quartz-phyric subvolcanic dacitic intrusion 
(Samples Tetela, 580831) is the host to quartz-adularia veining and alteration. A quartz-
phyric intrusive that suffered texturally destructive alteration was identified at the Caldera 
high-sulphidation Au prospect as well. Post mineral hornblende phyric fine grained diorite 
dykes were also identified at Caldera (Samples 3004, 3008).
The altered diorite at the las Minas Cu-Au skarn prospect (sample 28-1) is a fine grained 
diorite  with  plagioclase,  clinopyroxene  and  minor  quartz  phenocrysts  in  a  groundmass 
dominated by plagioclase (Figures 4.3 D, E).
In the State of Guanajuato, further west along the TMVB trend, several intrusions spatially 
associated with argillic and sulphate alteration and mineralisation were investigated in this 
study. These intrusions were located at the San Diego, La Jolla and Picacho prospects in 
Guanajuato  State  (Figure  4.3  B).  Samples  3005 to  3007 are  from three  altered  diorite 
intrusions with hornblende and biotite phenocrysts.
4.1.3 Intrusive Rocks Located South of the TMVB
Samples 23-1,  3133, SF-1,  SF-2,  24-2 and 4104 were taken from intrusions  located in 
eastern  Mexico  and south  of  the  TMVB. In general  these  rocks  are  similar  to  diorites 
identified north of the TMVB; medium grained diorite to quartz-diorite with plagioclase 
phenocrysts and subordinate clinopyroxene and biotite phenocrysts. The rocks examined 
were generally highly altered and associated with mineralisation. Sample 24-2 was taken 
from a weakly altered diorite with plagioclase and pyroxene phenocrysts (Figure 4.4). In 
this sample chlorite has partially replaced clinopyroxene pheocrysts.
Samples 23-1 and 3133 are located about 10 km apart and are associated with porphyry-
skarn  and  high-sulphidation  mineralisation  of  the  Cobre  Grande  and  Cerro  Colorado 
showings  respectively.  Both  23-1  and  3133  are  of  highly  altered  quartz  diorites  with 
significant and minor quartz phenocrysts, respectively (Figure 4.4 C). Sample 23-1 has a 
much  finer  grained  groundmass  than  that  of  3133.  The  groundmass  of  sample  23-1  is 
dominated by K-feldspar which may be hydrothermal in origin.
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Sample 4104 is from the nearby Campanario prospect and intrusive breccia hosted quartz-
adularia  alteration  zone  with  accompanying  Au  mineralisation.  The  intensely  altered 
breccia  contains  fragments  of  intergranular  textured  “crowded  feldspar”  porphyry  and 
quartz-feldspar phyric porphyry (Figure 4.4 E).
Samples SF-1 and SF-2 are from the Sante Fe Cu-Au skarn prospect, Chiapas State. They 
are of an altered quartz-diorite with plagioclase, clinopyroxene and biotite phenocrysts.
Figure 4.4 illustrates common textures of the rocks located south of the TMVB examined in 
this study.
4.2 Geochemistry
4.2.1 Whole Rock and Trace Element
Data  for  major  and  trace  element  geochemistry  are  presented  in  Tables  4.1  and  4.2 
respectively. Based on the analysis of the geochemical data, the rocks fall into two distinct 
groups, subdivided on the basis of petrology and location as discussed below:
• Group  1:  syenites  that  have  non-arc,  within-plate  and  alkaline  geochemistry 
(referred to as syenites in this section). 
• Group 2: Arc-associated intrusions that are alkaline to subalkaline (referred to as 
diorites in this section).
For  illustrative purposes the samples have been categorised on the discrimination plots 
according  to  their  distribution  and petrology (Figures  4.5  through 4.15).  Syenites  were 
grouped together (category 1) and arc-related diorites are grouped according to location; 
MC  trend  (category  2),  COSC  trend  (category  3),  other  diorites  north  of  the  TMVB 
(category 4), diorites located within the TMVB (category 5) and diorites located south of 
the TMVB (category 6).
The destruction and replacement of primary igneous phases by hydrothermal minerals was
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Figure 4.4. Photos and Photomicrographs of Intrusive Rocks from Southeast Mexico. A. Altered 
intrusive complex of Cerro Colorado, Oaxaca (outlined with red dashed line) from the air (Sample 
3133). B. Hand sample of altered diorite, Cerro Colorado (Sample 3133).  C. Large anhedral quartz 
phenocrysts from the Cobre Grande Prospect, Oaxaca (Sample 23-1), PPL, 50X. D. Plagioclase 
phenocryst, Sample 24-2, PPL, 50X. E. Campanario Breccia, Oaxaca, altered “crowded 
feldspar”intergranular textured fragment (outlined in dashed red line) and quartz crystal fragment, PPL, 
50X.
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observed to varying degrees in all the rocks studied. The most common reaction observed 
was the replacement of feldspar by sericite, and clinopyroxene, hornblende and biotite by 
chlorite. Numerous workers have shown that these reactions result in the loss of alkalis and 
gains in Mg ± Fe (Ishikawa  et al., 1976; Lentz, 1999). Based on these observations it is 
assumed that the alkalis, SiO2, and Fe-Mg have been mobile in the rocks studied. Other 
major  elements  such  as  TiO2 and  Al2O3 are  considered  immobile  except  in  extreme 
circumstances  (Hynes,  1980;  Finlow-Bates  and  Stumpfl,  1981;  Whitford  et  al.,  1989; 
Barrett and MacLean, 1994). For the rocks of this study, even those affected by texturally 
destructive alteration,  Al2O3 and TiO2 are assumed to  be immobile  unlike the low field 
strength elements (LFSE: K, Th, U, Ba, Rb, Cs, Sr) which are considered mobile during 
hydrothermal alteration (MacLean, 1990; Lentz, 1999). The rare earth elements (REE: La, 
Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) can be mobile in metamorphic grade 
alteration zones (Valsami and Cann, 1992), but are assumed to be immobile in this study 
with  the  exception  of  Eu which  can  be  highly mobile  in  a  hydrothermal  environment 
(Piercey et al., 2001). In contrast the high field strength elements (HFSE: Ga, Zr, Hf, Nb, 
Th, Ta, Y, Ti, P) appear to be immobile in all circumstances (Lentz, 1999; Piercey et al., 
2001).
4.2.1.1 Mobile Element Systematics
In Figure 4.5 A the rocks are plotted on the TAS diagrams of Cox et al. (1979). The diorites 
show a considerable spread in their SiO2 contents reflecting the variably of silicification 
and K-silicate  alteration  in  these  rocks.  In  contrast  the  syenites  plot  in  a  much tighter 
distribution with higher SiO2 contents and the highest Na2O + K2O contents. In the AFM 
diagram (Figure 4.5 B) the syenites plot along the AF axis while most of the diorites show 
calc-alkaline trends. 
In Figure 4.5 C, the K2O-SiO2 plot  of Peccerillo and Taylor (1976), many of the rocks 
exhibit moderately alkaline to shoshonitic affinities. Clearly some of the elevated K values 
relate  to  K-silicate  alteration  however  K-feldspar  amounts  in  general  are  low and it  is 
therefore a reasonable assumption that the primary igneous nature of the rocks from eastern 
Mexico includes high-K chemistry. This is especially true of rocks from north of the TMVB 
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Figure 4.6.  Whole Rock Geochemistry: Trace Element Discrimination Diagrams of Whalen et a. (1987)
A. Zr vs. 10000*Ga/Al B. Nb vs. 10000*Ga/Al C. Ce vs. 10000*Ga/Al D. Y vs. 10000*Ga/Al E. Zn vs. 
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along the COSC and MC trends. The highest K rocks are the syenites, those of the COSC 
trends and a late-mineral mafic dyke from Tuligtic (sample T3). In the Shand's index of 
Maniar and Piccoli (1989) the syenites plot near the A/CNK value of 1 while the non-
syenite rocks have variable A/CNK and A/NK ratios probably reflecting varying degrees of 
feldspar destruction and alkali mobility (Figure 4.5 C). Discrimination plots after Whalen et  
al. (1987), most of which utilise mobile elements, are shown in Figures 4.6 A through F. In 
all these plots the syenites plot in the A-type granite field whereas non-syenites generally 
plot in the I-type field.
4.2.1.2 Immobile Element Systematics
In general, the plutonic rocks of this study were largely investigated on account of their 
association with alteration and mineralisation. As discussed many of the major elements 
and most likely the LFSE elements were mobile during hydrothermal alteration. 
The syenites plot in the within plate granite field (WPG) of the HFSE plot of Nb-Y (Figure 
4.7 B) of Pearce et al. (1984) and show the highest Nb and Ta values of the rocks studied. 
This is reflected in low Sr/Y, La/Nb and Zr/Nb ratios for the syenites. The diorites show 
relatively small variations in the Nb/Y ratio in contrast to the syenites which show a strong 
positive  correlation  between  the  two  elements.  The  diorites  generally  plot  within  the 
volcanic  arc  granite  (VAG)  or  syn-collision  granite  (syn-COLG)  fields.  On  the  HFSE 
binary Zr-Nb (Figure  4.8  A)  and  TiO2-Zr  (Figure  4.8  B)  plots  the  relative  differences 
between the syenites and diorites are readily apparent. Figure 4.8 A illustrates the greater Zr 
and Nb contents of the syenites compared to the calc-alkaline diorites which have lower, 
and  perhaps  depleted,  Zr  and Nb contents  typical  of  calc-alkaline  volcanic  arc  (I-type) 
granitoids  (Piercey  et  al.,  2001).  Figure  4.8  B,  a  plot  of  TiO2 versus  Zr,  shows  the 
incompatibility of Zr in the diorites compared to its compatibility in the syenites. TiO2 is 
known to  be  relatively compatible  during  fractionation  while  Zr  can  be  compatible  or 
incompatible depending on SiO2 content and temperature (Watson and Harrison, 1983). The 
greater correlation between TiO2 and Zr for the syenite suite may therefore be a reflection 
of the higher SiO2 contents of the syenites. Another possibility however may be that the 
syenites are higher temperature melts where greater dissolution of crustal HFSE from
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Syenites, 2=Monclova-Candela Trend, 3=Concepcion del Oro-San Carlos Trend, 4=Other intrusives north 
of the TMVB, 5=intrusives in the TMVB, 6=Intrusives south of the TMVB
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Table 4.1: Summary of Major Element Geochemistry (Wt %) Fe2O3 is total Fe expressed as Fe2O3
Sample Property Description Belt Name LOI Total
3010 San Carlos COSC 59.4 18.85 3.6 4.4 1.11 5.44 3.24 <0.01 0.58 0.05 0.22 0.18 0.12 1.8 98.98 1.06
3034 San Carlos Mafic Dyke COSC 39.75 15.1 15.47 10.39 5.29 2.49 1.86 <0.01 3.75 0.18 0.59 0.09 0.08 4.63 99.66 8.05
CDO COSC 72.26 14.03 2.3 0.23 0.22 1.93 4.98 <0.01 0.34 <0.01 0.03 0.02 0.09 3.03 99.45 0.31
COSC 59.35 18.37 3.61 5.66 1.66 7.09 1.56 <0.01 0.5 0.05 0.29 0.17 0.07 1.52 99.9 1.67
COSC 59.28 16.31 2.3 6.61 2.75 3.47 5.54 <0.01 0.57 0.04 0.42 0.14 0.17 2.03 99.62 1.67
COSC 60.85 18.45 4.74 5.67 1.26 4.68 2.81 <0.01 0.6 0.11 0.22 0.12 0.09 0.32 99.92 1.93
SC1 San Carlos COSC 73.51 13.99 1.01 1 0.38 2.59 6.02 0.03 0.25 0.02 0.09 0.05 0.09 0.83 99.88 0.32
SC2 San Carlos COSC 68.87 16.73 1.56 1.76 0.36 3.86 5.08 <0.01 0.31 0.01 0.13 0.12 0.15 1.08 100 0.51
1170 MC 62.05 18.68 4.01 3.94 0.8 4.76 3.68 <0.01 0.47 0.15 0.15 0.13 0.11 0.82 99.74 N/A
1171 MC 56.08 18.23 6.51 6.96 2.17 3.97 3.8 <0.01 0.71 0.19 0.37 0.17 0.1 0.37 99.62 N/A
1172 MC 62.42 17.39 4.79 4.58 1.45 3.97 3.67 <0.01 0.59 0.14 0.24 0.08 0.09 0.44 99.84 N/A
1173 MC 60 18.18 5.6 5.71 1.75 4.06 2.81 <0.01 0.6 0.16 0.29 0.09 0.09 0.6 99.93 N/A
580832 MC 55.1 20.7 5.52 6.28 1.21 4.91 3.55 <0.01 0.71 0.11 0.24 0.18 0.12 0.99 99.63 2.19
MC 61.19 18.1 5.2 5.89 1.65 3.95 2.41 <0.01 0.44 0.13 0.24 0.15 0.1 1.2 100.65 2.12
MC 50.5 15.22 8.65 8.9 4.43 2.64 2.75 0.01 0.74 0.08 0.38 0.12 0.07 4.49 98.97 7.14
MC 58.36 17.87 6.4 6.36 2.2 3.97 2.36 <0.01 0.56 0.14 0.4 0.12 0.09 1.17 100 2.57
MC 51.08 17.07 9.82 8.63 4.44 3.2 3.05 <0.01 0.7 0.22 0.67 0.21 0.1 1.41 100.6 4.7
MC 58.6 18.96 4.42 4.7 1.06 6.01 3.93 <0.01 0.43 0.09 0.21 0.16 0.14 2.25 100.95 1.67
MC 60.26 18.09 3.56 6.65 1.62 5.76 2.03 <0.01 0.68 0.09 0.3 0.16 0.04 0.36 99.6 1.61
MC 68 15.97 2.79 2.9 0.77 4.73 4.44 <0.01 0.38 0.05 0.15 0.09 0.07 0.59 100.95 1.67
15-1 North 58.44 17.6 5.23 6.53 1.99 3.67 1.19 <0.01 0.58 0.12 0.19 0.03 0.05 3.36 98.99 3.99
North 48.27 17.53 9.19 10.77 5.33 2.81 0.99 0.01 1.69 0.14 0.22 0.08 0.04 2.52 99.59 6.43
North 64.61 14.06 1.92 3.68 1.24 1.32 8.56 <0.01 0.59 0.03 0.21 0.03 0.15 1.76 98.15 1.62
North 60.33 15.27 4.02 9 2.47 3.07 4.02 0.01 0.76 0.06 0.23 0.04 0.08 0.51 99.88 3.37
QTO-1 North 67.07 15.32 3.99 2.87 1.42 3.21 3.6 <0.01 0.66 0.06 0.18 0.04 0.08 0.99 99.49 2.62
SLP-1 Bismuth North 72.71 13.84 2.46 0.17 0.43 2.57 6.17 <0.01 0.32 0.02 0.05 <0.01 <0.01 1.23 99.96 0.82
T3 North 65.25 16.49 2.53 0.92 0.33 3.59 6.56 <0.01 0.42 0.06 0.22 0.07 0.08 1.64 98.17 0.13
1174 75.82 13.17 1.02 0.36 0.02 4.49 3.86 <0.01 <0.01 <0.01 0.01 0.01 <0.01 0.74 99.49 N/A
63.71 17.83 3.73 0.63 0.12 6.5 6.01 <0.01 0.39 0.09 0.07 0.03 0.04 0.58 99.72 2.06
64 17.12 5.76 0.11 0.03 5.81 5.83 <0.01 0.38 0.13 0.06 0.02 0.04 1.7 100.95 0.13
63.98 16.98 5.12 0.72 0.42 6.9 5.29 <0.01 0.42 0.09 0.06 <0.01 0.01 0.94 100.95 2.7
67.37 15.85 3.03 0.56 0.01 6.23 5.14 <0.01 0.19 0.04 0.02 0.02 <0.01 0.9 99.35 1.16
63.46 17.24 4.99 0.23 0.12 5.71 5.61 <0.01 0.4 0.16 0.08 0.01 <0.01 1.68 99.68 <0.01
70.89 14.62 1.84 0.47 0.1 2.42 6.08 <0.01 0.27 <0.01 0.03 0.02 0.04 3.23 99.99 0.13
T2 62.94 17.05 5.51 0.64 0.15 5.8 5.05 <0.01 0.56 0.05 0.09 <0.01 0.05 1.9 99.8 0.57
SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O Cr2O3 TiO2 MnO P2O5 SrO BaO FeO
Diorite
Con. del Oro Q Diorite
Coah-18 Los Angeles Diorite
Coah-19 Saltillito Gabbro
Coah-20 Diorite
Q Diorite
Diorite
Cerro Iguana Diorite
Diorite
Providencia Diorite
Cerro Iman Diorite
Panuco Diorite
Coah-10 Diorite
Coah-11 Gabbro
Coah-13 Cerro Mercado Diorite
Coah-14 Real Viejo Diorite
Coah-15 Diorite
Coah-16 Cerro Iman Diorite
Coah-17 Cerro Boludo Diorite
Cerro Verde Diorite
Coah-5 Gabbro
Concordia Corcordia Diorite
Negra La Negra Diorite
Cueva de Oro Q Diorite
Q Diorite
Cabrito Diorite
Cerro Picacho Syenite Syenite
Coah-1 Syenite Syenite
Coah-12 Cerro Picacho Syenite Syenite
Coah-2 Syenite Syenite
Coah-6 Syenite Syenite
Coah-7 Syenite Syenite
Coah-8 Syenite Syenite
Cerro de Tamaulipas Syenite Syenite
Table 4.1. (Cont.)
Sample Property Belt Name LOI Total
3001 TMVB 65.18 17.39 2.99 2.59 0.91 5.94 2.49 <0.01 0.3 0.12 0.24 0.1 0.26 1.22 99.73 0.7
3002 TMVB 65.76 16.23 3.9 1.68 1.27 5.12 3.05 <0.01 0.26 0.1 0.11 0.07 0.16 2 99.72 1.71
3003 TMVB 64.75 15.06 5.02 3.36 1.98 3.61 3.15 0.01 0.75 0.08 0.12 0.03 0.06 1.69 99.68 2.79
3007 San Diego TMVB 58.36 17.61 6.01 4.99 3.13 3.65 2.08 <0.01 0.91 0.1 0.17 0.05 0.06 2.58 99.71 3.04
3011 Caldera WR TMVB 63.63 17.47 4.04 4.31 1.95 3.97 1.74 <0.01 0.51 0.08 0.15 0.07 0.05 1.52 99.49 1.89
3013 TMVB 64.37 16.16 3.46 2.28 1.64 4.96 3.31 0.01 0.38 0.08 0.14 0.07 0.15 1.45 98.45 1.76
3014 TMVB 63.43 16.25 3.28 3.67 1.56 4.06 1.55 <0.01 0.46 0.07 0.17 0.06 0.08 4.03 98.67 2.26
3015 TMVB 65.48 17.56 1.64 3.11 1.65 3.55 2.81 0.01 0.47 0.01 0.18 0.05 0.07 3.23 99.82 0.63
3016 TMVB 63.01 17.46 2.3 4.18 1.78 3.86 2.25 0.01 0.52 0.05 0.18 0.06 0.08 4.21 99.95 1.33
3017 TMVB 52.03 16.53 6.39 8.26 6.65 2.72 1.1 0.05 0.9 0.13 0.24 0.05 0.03 4.67 99.75 2.85
3018 Mafic Dyke TMVB 46.28 15.27 8.65 10.11 7.1 2.95 0.88 0.04 1.03 0.13 0.43 0.07 0.06 6.69 99.69 4.99
3019 TMVB 64.06 16.24 3.43 3.19 2.36 3.08 2.23 <0.01 0.57 0.07 0.18 0.05 0.06 4.23 99.75 2.15
3022 TMVB 64.3 17.21 2.97 3.17 1.98 4.03 1.74 0.01 0.48 0.02 0.16 0.05 0.04 3.5 99.66 0.95
580831 TMVB 74.85 12.81 0.39 0.16 <0.01 2.73 6.3 <0.01 0.28 <0.01 0.02 0.02 0.05 0.89 98.49 0.26
16-2 TMVB 64.83 16.43 3.34 4.04 2.01 3.46 1.49 <0.01 0.48 <0.01 0.14 0.06 0.05 1.84 98.16 1.78
28-1 TMVB 56.37 16.19 2.84 11.63 4.98 3.99 0.99 0.02 0.47 0.13 0.12 0.04 0.03 1.3 99.08 1.75
CB TMVB 66.95 15.19 3.99 0.89 1.53 4.26 3.05 <0.01 0.3 0.03 0.11 0.05 0.2 2.13 98.68 1.67
TG1 TMVB 65.29 16.03 3.26 3.17 1.8 3.07 1.59 <0.01 0.5 0.01 0.18 0.06 0.06 3.8 98.8 0.64
TG2 Mafic Dyke TMVB 47.24 15.02 8.47 9.67 6.42 3.38 0.69 0.02 0.99 0.12 0.51 0.07 0.05 5.89 98.54 4.99
3012 South 67.67 13.43 2.54 0.03 0.17 0.18 10.51 0.01 0.96 <0.01 0.08 0.02 0.05 3.02 98.67 0.63
3133 South 57.75 16.72 6.49 3.55 3.38 3.94 1.79 <0.01 0.99 0.11 0.28 0.06 0.06 3.34 98.45 3.27
580833 Santa Fe South 57.94 17.02 6.71 5.68 1.92 2.9 3.49 <0.01 0.76 0.11 0.23 0.07 0.08 1.47 98.38 3.28
580834 Santa Fe South 55.89 17.11 7.35 6.32 2.5 3.2 3.52 <0.01 0.88 0.09 0.28 0.07 0.08 0.91 98.19 3.47
23-1 South 72.19 13.41 1.04 2.22 0.35 2.02 4.43 <0.01 0.21 0.02 0.05 0.02 0.27 3.02 99.24 0.49
24-2 South 62.68 15.9 4.65 4.38 1.97 2.77 2.63 <0.01 0.61 0.07 0.13 0.03 0.11 3.83 99.76 1.36
SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O Cr2O3 TiO2 MnO P2O5 SrO BaO FeO
Caballo Blanco Diorite
Caballo Blanco Biotie Dacite
Mezatepec Diorite
Diorite
Diorite
Caballo Blanco Diorite
Tuligtic Granodiorite
Tuligtic Q Diorite
Tuligtic Granodiorite
Tuligtic Post M Diorite
Tuligtic
Tuligtic Late M Q Diorite
Tuligtic Q Diorite
Tetela Q Dacite
Puebla Skarn Q Diorite
Las Minas Diorite
Caballo Blanco Diorite
Tuligtic Q Diorite
Tuligtic
Campanario Breccia
Cerro Colorado Diorite
Diorite
Q Diorite
Cobre Grande Q Diorite
Diorite
Table 4.2. Summary of Trace Element Geochemistry (in ppm) T-ZrSat calculated based on method of Watson and Harrison (1983).
Sample Ag Ba Ce Co Cr Cs Cu Dy Er Eu Ga Gd Hf Ho La Lu Mo Nb Nd
3010 <1 1035 96.8 361 10 0.37 1280 4.63 2.58 1.86 27 6.4 6.1 0.87 54.5 0.39 434 29.3 43.9
3034 <1 663 79.3 51.9 <10 1.37 71 5.2 2.53 2.47 23.5 7.35 5.5 0.94 37.8 0.26 2 52.1 39.8
3090 <1 657 51.8 32.3 80 0.2 79 7.1 4.3 1.4 18 7 7 1.5 24 0.7 2 10 30.2
CDO <1 889 38.4 7.5 10 3.3 60 0.9 0.6 0.4 19 1.9 5 0.2 23 0.1 6 18 11.6
<1 742 57.6 5 50 1.9 42 3.2 1.8 1.6 23 5.1 5 0.7 32.1 0.3 35 16 27.1
<1 1432.6 57.4 7.6 90 2.1 172 3.8 2.2 1.7 18 5.8 4 0.7 30.6 0.3 5 14 28.1
<1 844.6 69.4 5.9 80 1 8 5.6 3.5 2 22 6.8 6 1.2 34.2 0.5 <2 13 35.6
SC1 <1 759 37.9 2.4 90 0.6 227 1.7 1.1 0.8 22 2.4 4 0.4 21 0.2 6 13 16.4
SC2 <1 1380 56.7 1.3 70 0.4 86 2.2 1.3 1.2 25 3.6 5 0.4 31.8 0.2 17 18 23.7
1170 <1 930 109 4.1 <10 1.73 <5 6.53 3.73 2.77 23.4 8.51 7.8 1.21 51.3 0.51 <2 22.8 53.4
1171 <1 787 78 13.7 10 2.33 25 5.09 2.77 2.35 21.5 6.73 4 0.88 37.9 0.35 <2 15.5 40.8
1172 <1 736 70.8 8.4 10 1.61 13 4.96 2.94 1.79 20.7 5.88 7.3 0.98 33.1 0.43 <2 17.8 34.8
1173 <1 720 57.3 10.4 10 2.12 42 4.44 2.66 1.61 21.6 5.21 6.1 0.83 26 0.35 2 10.9 29.7
580832 <1 1190 80.2 18.6 <10 1.3 74 5.7 3 2.7 24 7.5 5 1 41.9 0.4 8 23 48.1
<1 951 58.3 7.9 60 0.8 11 3.7 2.4 1.6 21 5.8 5 0.8 28.4 0.4 3 10 31.2
<1 598 50.6 25.2 80 1.2 59 3.6 2.1 1.6 18 5.3 3 0.7 24.5 0.3 3 6 28.1
<1 795 97.6 10.4 40 0.6 110 4.5 2.6 2.2 23 7.6 6 1 47.1 0.4 2 13 46.5
<1 933 81.9 25.5 50 2 23 5.6 2.9 2.9 21 9.5 4 1.2 41.3 0.4 3 8 45.6
39 1410 66.1 4.8 30 1 33 3.8 2.3 1.9 26 5.9 5 0.8 35.8 0.4 2 17 31.7
1 426 80.1 6.3 40 0.6 132 5.2 2.9 2.1 25 7.7 6 1.1 40.3 0.5 4 24 41.1
<1 566 52.7 5.3 90 2.4 52 2.2 1.3 1.1 22 4 6 0.5 31.2 0.3 6 13 21.2
<1 266 38.4 33.4 130 0.4 13 3 1.6 1.7 23 4.2 3 0.7 18.2 0.2 3 13 20.6
6 1425 51.9 20.8 20 7.1 769 2.7 1.5 1 20 4 5 0.6 27.9 0.2 4 18 22.8
<1 753 57.5 22.5 60 4.5 8 3.5 1.8 1.1 21 4.8 7 0.7 26.9 0.3 6 16 25.4
QTO-1 <1 782 71.8 19.5 30 12.7 7 3.8 2.2 1.3 24 5.4 6 0.8 36.2 0.3 5 15 30.3
SLP-1 <1 7.5 30.9 8.9 10 56 11 23.1 8.8 0.9 40 33 10 3.7 193 1 <2 94 202
T3 2 741 49.5 15.9 10 0.9 2420 2.8 1.7 1.4 24 4.6 4 0.6 28 0.3 <2 8 27.9
1174 1 35.5 129 <0.5 10 0.84 <5 34.4 21.7 0.56 58 22.7 41.5 7.02 52.9 2.65 <2 386 66.4
<1 320 163 1.5 80 2.9 6 9.9 6.3 1.5 34 12.3 31 2.2 81 1 4 125 67.2
<1 373 165.5 1.5 50 0.6 6 7.7 4.9 1.5 29 10.2 19 1.7 62.1 0.8 4 91 50.5
<1 70.2 128.5 1.6 50 0.6 8 4.3 2.8 0.4 33 6.6 9 1 47.7 0.7 4 81 39.4
<1 29.4 370 0.7 50 1.9 6 13.2 7.8 1 39 20.4 25 2.8 196.2 1.3 6 227 136
<1 39.5 149.5 1.5 40 2.4 7 7.9 5.1 0.7 31 9.6 18 1.9 63.3 0.9 8 110 49.4
<1 403 91.8 0.8 50 3 7 2.1 1.5 0.6 24 4.5 12 0.5 55.2 0.3 8 39 32.1
T2 <1 458 206 4.8 10 1.3 <5 10.7 6.3 2.6 36 14 19 2.2 110.5 0.9 3 152 79
Coah-18
Coah-19
Coah-20
Coah-10
Coah-11
Coah-13
Coah-14
Coah-15
Coah-16
Coah-17
Coah-5
Concordia
Negra
Coah-1
Coah-12
Coah-2
Coah-6
Coah-7
Coah-8
Table 4.2. (Cont.)
Sample Ag Ba Ce Co Cr Cs Cu Dy Er Eu Ga Gd Hf Ho La Lu Mo Nb Nd
3001 <1 2360 58.6 12.3 20 2.28 40 2.08 1.07 1.13 29.9 4.11 5 0.38 35 0.12 <2 24.9 27
3002 1 1445 40.4 7.1 40 0.75 1340 1.23 0.74 0.64 20.2 2.05 4.7 0.23 24 0.11 3 11.6 13.8
3003 <1 574 56.4 11.5 50 3.82 24 5.15 3.1 1.1 17.2 5.71 8.7 1.04 27.6 0.46 3 10.8 27.6
3007 <1 513 34.4 15.9 50 0.96 21 3.52 1.94 1.25 19.2 4.14 4.2 0.7 16.4 0.28 <2 6.1 18.3
3011 <1 410 35.1 167.5 10 0.51 20 2.37 1.43 0.91 20.3 3.09 3.4 0.47 17.7 0.2 2 5.5 17.3
3013 <1 1330 57.3 370 70 1.26 759 1.88 1 0.82 21.2 2.96 4.9 0.34 33.9 0.17 4 12.8 20.8
3014 <1 656 39.9 152 30 1.83 7 2.25 1.2 0.91 19.6 3.11 3.5 0.43 20.9 0.17 <2 8.8 18.6
3015 <1 607 34.3 84.6 30 11 126 2.21 1.23 1 19.4 3.07 3.4 0.42 16.6 0.17 4 7.6 17.8
3016 <1 701 37.7 56 20 10.95 10 2.21 1.34 0.88 19.3 3.02 3.7 0.44 19.9 0.21 <2 8.1 17.5
3017 <1 247 33.9 66.7 360 25.1 115 3.36 1.87 1.36 20.3 4.24 3.2 0.66 16.2 0.24 <2 9.4 18.7
3018 <1 487 57.6 59.8 310 10.5 65 3.69 1.94 1.69 19.5 5.32 3.4 0.7 29.6 0.24 <2 16.3 28.3
3019 <1 584 38.6 59.6 40 16.4 18 2.68 1.46 1.08 19.1 3.42 3.9 0.52 18.6 0.23 5 10.1 18.6
3022 <1 331 35.2 92.7 20 11.35 268 1.28 0.73 0.66 18.7 2.22 3.1 0.24 17.8 0.1 10 6.5 14.9
580831 <1 385 16.4 10.9 <10 2.2 <5 2.7 2 0.5 20 1.7 11 0.5 8.2 0.4 5 36 8.3
16-2 <1 440 37.1 16.6 40 1.1 361 2.5 1.5 1 20 3.4 4 0.5 18.3 0.2 3 8 17.6
28-1 1 268 15.2 17.5 280 1.2 2900 2.4 1.5 0.7 17 2.4 3 0.5 6.2 0.2 2 5 10
CB 1 1610 31.2 8.8 100 0.9 2210 1.2 0.7 0.6 20 1.7 5 0.2 19 0.1 7 10 11.2
TG1 <1 512 37.9 12.1 30 7.1 140 2 1.3 0.9 22 2.9 4 0.4 19.6 0.2 2 9 15.8
TG2 <1 553 69 35.1 270 13.1 63 4.1 2.1 1.8 21 5.9 4 0.8 35.2 0.3 2 20 31.9
3012 2 463 52.2 189 80 1.57 15 1.15 0.85 0.69 19.6 2.07 4.7 0.27 23.1 0.13 3 7.5 21.9
3133 <1 568 55.6 18.6 30 3.3 10 4.5 2.6 1.6 23 5.8 6 0.9 26.5 0.3 3 10 28.4
580833 <1 841 76.6 20.4 10 3.9 5 4.8 2.8 1.7 23 5.4 5 0.9 41.6 0.4 3 16 34.1
580834 <1 867 77.4 20 20 4 8 4.9 2.7 1.6 24 5.3 5 0.9 43.9 0.4 3 16 34.5
23-1 16 2390 52.1 5.9 10 6 2520 3 1.5 0.9 18 4.1 5 0.5 30 0.2 2 10 24.1
24-2 <1 932 47.5 13.3 40 3.7 20 3.7 2.2 1.2 23 4.7 5 0.8 27 0.3 2 8 22.1
Table 4.2. (Cont.)
Sample Ni Pb Pr Rb Sm Sn Sr Ta Tb Th Tl Tm U V W Y Yb Zn Zr
3010 8 <5 11.7 85 7.2 1 1575 1.8 0.86 8.84 <0.5 0.39 3.04 116 976 24.7 2.61 41 282 864
3034 14 8 9.52 47.6 7.69 2 856 3.3 1.01 4.69 <0.5 0.32 1.26 414 1 22.9 1.82 128 211 734
3090 77 8 7.2 90.2 6.9 1 599 2.5 1.2 1 <1 0.7 0.6 171 46 44.5 4.2 147 227 821
CDO <5 6 3.9 189.5 1.9 6 164.5 3.8 0.2 16 1 <0.5 2 42 59 5.6 0.6 12 155 852
13 9 7 41.2 5 <1 1249.1 0.8 0.6 7 <1 <0.5 2.9 149 5 18.9 1.9 37 169.1 799
10 15 7.1 133.5 6.1 3 1055.4 1 0.8 10 <1 <0.5 3.8 166 2 20.3 2 56 146.2 774
<5 6 8.7 95.8 7.9 3 912.8 0.9 1 7 <1 0.5 2.4 83 <1 33.1 3.4 48 216.7 836
SC1 <5 <5 4.6 199 2.9 1 507 0.7 0.3 9 <1 <0.5 2.7 56 1 10.1 1.1 13 131.5 820
SC2 <5 <5 6.9 152.5 4.2 2 1085 1 0.5 7 <1 <0.5 3.2 78 1 12.8 1.5 16 179 845
1170 <5 18 13.3 111.5 10.55 2 1195 1.7 1.24 13.65 <0.5 0.47 3.44 69 3 33.8 3.2 77 336 892
1171 7 11 9.87 113 8.19 2 1620 1.2 0.99 8.3 <0.5 0.34 2.74 194 2 25.6 2.29 81 143 780
1172 <5 12 8.62 112.5 7.03 1 725 1.5 0.89 9.81 <0.5 0.37 2.74 104 3 26.6 2.59 62 278 867
1173 5 9 7.07 97.7 6.11 1 863 1 0.78 7.66 <0.5 0.34 2.94 115 3 23.1 2.31 79 247 850
580832 5 10 10.8 111 9.7 2 1715 4 1 8 <0.5 0.4 2.8 158 66 31 2.7 59 170.5 806
6 12 7.6 50.8 5.9 <1 1178.2 0.6 0.8 6 <1 <0.5 2.2 106 1 24.5 2.6 58 165.6 815
20 <5 6.7 87.6 5.8 <1 909.4 <0.5 0.7 5 <1 <0.5 1.4 253 2 21.1 1.9 42 107.2 725
7 13 12.1 66.2 8.1 <1 1003.4 0.7 0.9 7 <1 <0.5 1.5 121 1 27.3 2.6 76 220.3 833
12 15 10.9 80.7 9.8 <1 2008 <0.5 1.2 4 <1 <0.5 1.8 317 1 31.5 2.7 92 131.9 752
5 8 8.1 125.8 5.7 <1 1240.5 0.9 0.8 6 <1 <0.5 2.6 120 2 23.9 2.4 51 186.7 814
6 13 10.3 60.8 8 <1 1087 1.3 1.1 12 <1 0.5 3.5 151 1 31.1 3 56 199.8 814
6 17 5.7 178 3.6 <1 577.8 0.6 0.5 18 <1 <0.5 5.5 75 2 14.6 1.6 59 161.8 819
10 10 4.8 19.6 4.3 <1 710.1 0.9 0.6 2 <1 <0.5 0.6 239 1 16.5 1.4 96 108.8 729
6 224 6.3 349 4.2 18 412 4.1 0.6 12 2 <0.5 3.6 81 98 15.4 1.6 697 134 786
16 38 6.9 125.5 5 4 530 5.6 0.7 12 <1 <0.5 2.9 115 103 18.1 1.8 63 181 778
QTO-1 8 30 8.5 155.5 5.8 3 290 4.3 0.8 14 <1 <0.5 4.8 69 82 21.1 2 93 183 843
SLP-1 <5 38 60.2 798 45.6 27 1.6 23.3 5.2 67 2 1.2 13.9 <5 120 97 7.5 108 107 806
T3 6 <5 7.1 190 5.4 2 591 1.5 0.6 7 1 <0.5 2.2 172 36 17 1.6 25 114.5 801
1174 <5 44 17.15 444 23.1 56 48.4 30.7 5.2 101 0.7 3.01 15.15 <5 8 253 18.5 36 1020 1049
<5 15 18.6 217.8 12.5 7 90.1 8.9 1.8 28 <1 1 10.3 6 3 64.6 6.4 115 1117 1034
6 13 14.1 173.1 9.4 3 54.5 5.3 1.4 19 <1 0.8 3.2 6 4 46.5 5.1 73 809.8 1002
7 11 11.4 148.3 6.7 <1 8.1 4 0.8 7 <1 0.5 1.5 10 1 24.8 3.6 130 319.4 883
7 27 40.6 218.2 21.6 9 7 13 2.6 27 <1 1.3 5.8 11 4 73.2 8.3 137 808.2 995
<5 20 14.3 189.7 9 4 30.1 6.7 1.4 17 <1 0.8 4.8 <5 2 51.2 5.5 131 678.6 981
6 20 9.6 193.9 6.4 <1 136.8 3 0.4 20 <1 <0.5 4.4 8 2 13.7 2 48 456.6 955
T2 <5 14 23.4 112.5 14 6 13 9.6 2.1 19 <1 0.9 3.3 <5 21 57.9 5.8 128 788 996
T-ZrSat
Coah-18
Coah-19
Coah-20
Coah-10
Coah-11
Coah-13
Coah-14
Coah-15
Coah-16
Coah-17
Coah-5
Concordia
Negra
Coah-1
Coah-12
Coah-2
Coah-6
Coah-7
Coah-8
Table 4.2. (Cont.)
Sample Ni Pb Pr Rb Sm Sn Sr Ta Tb Th Tl Tm U V W Y Yb Zn Zr
3001 11 25 7.15 76.8 4.68 1 881 1.3 0.45 7.42 <0.5 0.14 5.82 79 1 11.9 0.86 58 145 815
3002 16 56 4.15 63.7 2.17 1 644 0.8 0.24 15.2 0.5 0.1 3.36 55 1 6.8 0.74 116 190 847
3003 23 13 7.03 116.5 5.66 2 246 0.7 0.85 12.3 <0.5 0.45 3.45 107 2 29.3 2.98 51 309 886
3007 16 8 4.45 49.6 4.13 1 481 0.5 0.61 5.53 <0.5 0.28 1.87 113 1 18.5 1.89 71 153 813
3011 14 6 4.4 32.1 3.38 1 614 0.6 0.41 3.47 <0.5 0.18 1.02 66 470 12.3 1.31 66 124 804
3013 25 34 6.02 88.4 3.21 1 604 1.2 0.36 17.85 0.5 0.16 4.95 71 1140 9.4 0.97 85 211 850
3014 10 5 4.85 33.1 3.44 1 563 0.7 0.43 4.08 <0.5 0.21 0.87 49 461 11.5 1.1 56 132 810
3015 11 <5 4.48 42.1 3.38 1 420 0.6 0.41 3.38 <0.5 0.16 0.8 47 270 11.6 1.12 36 125 814
3016 6 8 4.56 50.1 3.36 1 518 0.5 0.41 2.83 0.8 0.19 0.71 51 161 12.2 1.33 161 139 813
3017 100 <5 4.4 33.7 4.03 1 545 0.5 0.6 2.3 <0.5 0.23 0.48 177 123 18.2 1.61 140 125 764
3018 94 <5 7.04 26.3 5.36 1 692 0.7 0.7 4.08 <0.5 0.24 0.68 225 82 18.5 1.69 76 135 729
3019 19 5 4.76 56.2 3.64 1 410 0.8 0.48 4.35 0.5 0.21 1.22 65 162 14 1.48 52 142 825
3022 9 9 4.15 47.8 2.47 2 461 0.4 0.25 2.83 <0.5 0.11 0.48 58 296 6.5 0.67 46 116 806
580831 7 220 1.9 138.5 2 4 82.5 5.8 0.3 9 0.5 0.3 4 9 84 16 2.4 24 352 920
16-2 15 <5 4.6 35.9 3.5 1 586 2.5 0.5 4 <1 <0.5 0.8 67 68 14.8 1.5 24 110 797
28-1 25 7 2.3 12.1 2.4 6 486 1.7 0.4 3 <1 <0.5 2.6 153 36 14.2 1.7 144 70.7 690
CB 25 53 3.3 76.6 1.8 3 474 0.8 0.2 22 <1 <0.5 5.2 66 1 7.1 0.7 129 177 851
TG1 12 <5 4.3 37.5 2.8 1 441 2.3 0.4 4 <1 <0.5 1 58 49 12 1.2 43 114.5 809
TG2 81 5 8.3 20.1 5.9 1 688 1.6 0.8 5 <1 <0.5 0.9 232 22 20.7 1.9 80 138.5 733
3012 5 5 6.14 288 3.38 1 131.5 0.7 0.27 3.83 3.7 0.13 2.06 98 625 6.1 0.86 13 144 825
3133 11 <5 7.2 46.5 5.8 2 621 1.7 0.9 6 <1 <0.5 1.4 139 20 25.1 2.2 98 174.5 832
580833 10 11 8.7 145.5 7.1 3 517 4.1 0.8 15 <0.5 0.4 4 120 82 28.7 2.8 85 171.5 812
580834 14 10 8.7 142 7.3 3 616 3.1 0.8 13 <0.5 0.4 3.6 164 74 29.1 2.6 60 177.5 805
23-1 <5 13 6.7 137 4.3 2 260 2.9 0.6 7 1 <0.5 1.6 17 50 14.3 1.3 9930 129.5 817
24-2 9 10 6 96.8 4.2 2 339 1.6 0.7 8 <1 <0.5 2.1 94 27 23.4 2.2 75 133.5 807
T-ZrSat
source  is  apparent  in  contrast  to  the  lower  temperature  calc-alkalic  diorite  melts  with 
resultant HFSE depletion (Watson and Harrison, 1983; Creaser and White, 1991; Barrie, 
1995; Lentz, 1999; Piercey et al., 2001). This latter explanation is confirmed by the higher 
zircon saturation (TZrSat)  temperatures calculated for the syenites (Table 4.2).  Syenites 
have TZrSat temperatures generally greater than 900 to 1050°C while those of diorites are 
generally less than 900°C (see Table 3.2). 
A plot of Nb versus Ta is shown in Figure 4.9. It has been established that mantle and 
mantle-derived rocks typically have Nb/Ta values of  roughly 17.5 (Sun and McDonough, 
1989; Green, 1995; Piercey  et al.,  2001), while the continental crust,  and rocks derived 
from it,  have values around 11 to 12.  Figure 4.9 shows several  trend lines drawn with 
constant Nb/Ta ratios. A line representing a Nb/Ta ratio of 17.5 fits well to the syenite 
points. Diorite samples have a bimodal distribution; most samples from the MC and COSC 
trends plot in a range from Nb/Ta ratios of 12 to 17.5 while samples from the TMVB, south 
of the TMVB and elsewhere in Northern Mexico form a trend line conforming to the very 
low Nb/Ta ratio of 4.3. Low Nb/Ta values have been reported for I-type granites elsewhere 
(Green, 1994) although a wide range in Nb/Ta has been observed. Relationships between 
rocks  of  known  origin  and  their  Nb/Ta  ratios  suggests  that  fluid/melt  partitioning  is 
important to fractionating Nb and Ta with the latter showing a preference for fluid with 
enrichment of Ta relative to Nb into the mid-upper crustal system (Green, 1994). Table 4.3 
shows  average  values  for  a  variety  of  elemental  ratios  important  in  geotectonic 
interpretation for all the suites of rocks of this study. Of particular note syenites have lower 
La/Nb and Sr/Y ratios than any of the other groupings reflecting elevated Nb and Y and 
depleted Sr for these rocks. Rocks from Caballo Blanco have the highest Sr/Y and La/Yb 
ratios although a number of localities show similar REE and HFSE enrichment including 
San Carlos, Tuligtic, Campanario (Sample 4104) and Cobre Grande (Sample 23-1).
4.2.1.3 Normalised Mutielement Systematics
Trace element data are presented below as spider diagrams, normalised using the average 
primitive mantle composition of Sun and McDonough (1989) shown in Figures 4.10 A to 
4.15 A and to chondrite in Figures 4.10 B to 4.15 B, after Sun (1980).
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Figure 4.9. Whole Rock Geochemistry: Nb vs. Ta.
  
1= Syenites, 2=Monclova-Candela Trend, 
3=Concepcion del Oro-San Carlos Trend, 4=Other intrusives north of the TMVB, 5=intrusives in the 
TMVB, 6=Intrusives south of the TMVB
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Figure 4.10. Whole Rock Geochemistry: Spider Diagrams for Syenites.
A. Primitive Mantle-normalised after Sun and McDonough, 1989 
B. Chondrite-normalised (after Sun et al., 1980
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Figure 4.11. Whole Rock Geochemistry: Spider Diagrams for Monclova-Candela Trend Intrusions.
A. Primitive Mantle-normalised after Sun and McDonough, 1989 
B. Chondrite-normalised (after Sun et al., 1980
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Figure 4.12. Whole Rock Geochemistry: Spider Diagrams for COSC Trend Intrusions.
A. Primitive Mantle-normalised after Sun and McDonough, 1989 
B. Chondrite-normalised (after Sun et al., 1980
A
B
Cs Rb Ba Th U Nb K La Ce Pb Pr Sr P Nd Zr Sm Eu Ti Dy Y Yb Lu
0.
01
0.
1
1
10
10
0
10
00
10
00
0
4
 
Sa
m
pl
e/
 P
rim
itiv
e 
M
an
tle
 
15-1
Coah-5
Concordia
Negra
QTO-1
SLP-1
T3
Rb Ba Th U Nb Ta K La Ce Sr Nd Sm Zr Ti Gd Y
0.
1
1
10
10
0
10
00
10
00
0
4
 
Sa
m
pl
e/
 C
ho
nd
rit
es
 
15-1
Coah-5
Concordia
Negra
QTO-1
SLP-1
T3
Figure 4.13. Whole Rock Geochemistry: Spider Diagrams for Other Intrusions North of the TMVB.
A. Primitive Mantle-normalised after Sun and McDonough, 1989 
B. Chondrite-normalised (after Sun et al., 1980
A
B
Cs Rb Ba Th U Nb K La Ce Pb Pr Sr P Nd Zr Sm Eu Ti Dy Y Yb Lu
0.
01
0.
1
1
10
10
0
10
00
10
00
0
5
 
Sa
m
pl
e/
 P
rim
itiv
e 
M
an
tle
 
3001
3002
3003
3007
3011
3013
3014
3015
3016
3017
3018
3019
3022
580831
16-2
28-1
CB
TG1
TG2
Rb Ba Th U Nb Ta K La Ce Sr Nd Sm Zr Ti Gd Y
0.
1
1
10
10
0
10
00
10
00
0
5
 
Sa
m
pl
e/
 C
ho
nd
rit
es
 
3001
3002
3003
3007
3011
3013
3014
3015
3016
3017
3018
3019
3022
580831
16-2
28-1
CB
TG1
TG2
Figure 4.14.  Whole Rock Geochemistry: Spider Diagrams for Intrusions Located in the TMVB.
A. Primitive Mantle-normalised after Sun and McDonough, 1989 
B. Chondrite-normalised (after Sun et al., 1980
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Figure 4.15. Whole Rock Geochemistry: Spider Diagrams for Intrusions Located in the TMVB.
A. Primitive Mantle-normalised after Sun and McDonough, 1989 
B. Chondrite-normalised (after Sun et al., 1980
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Table 4.3. HFSE Ratios, N= number of analyses
Belt /Property N = Nb/Ta Zr/Nb La/Nb Sr/Y Sm/Yb La/Yb
COSC 8 11.98 10.31 1.84 37.76 2.49 16.34
MC 12 10.39 11.91 2.67 41.56 2.55 12.78
North 7 8.03 9.60 2.14 26.74 3.30 18.03
8 15.84 6.38 0.70 1.75 2.09 15.34
TMVB 19 12.36 15.37 2.07 43.59 2.71 17.70
South 6 5.68 14.68 2.91 19.69 2.85 17.67
9 14.31 13.53 2.12 40.57 2.88 16.71
4 14.21 14.10 2.01 74.94 3.56 33.81
San Carlos 3 16.88 7.93 1.40 50.45 3.21 20.25
Caldera 1 9.17 22.55 3.22 49.92 2.58 13.51
San Diego 1 12.20 25.08 2.69 26.00 2.19 8.68
Syenite
Tuligtic
Caballo Blanco
Trace element compositions for syenites show a relatively flat Nb values with respect to Th 
and La which is typical of a non-arc signature in mafic to intermediate rocks. The sloping 
pattern from left to right of the plots in the diagrams, suggest a greater influence of enriched 
mantle sources and HFSE in these rocks which is indicative of OIB (rift) related rocks 
(Jenner, 1996; Piercey  et al., 2001). The absence of a well-defined positive Nb anomaly 
relative to Th and La, which is typical of OIB rocks, suggests that these rocks may have had 
some depleted mantle (N-MORB) source and as such may be considered hybrid rocks in 
this respect. 
In contrast  the diorites show strongly negative Nb, P and Ti anomalies and positive Pb 
anomalies, minor LREE enrichment and steeply downward trending profiles, all of which 
are characteristic of arc magmas (Jenner, 1996; Piercey et al., 2001). Rocks from the MC 
and  COSC  trends  and  south  of  the  TMVB  display  little  variability  between  profiles 
however this cannot be said for rocks from the TMVB or north of the TMVB. Variability 
should not be a surprise given the size of the field area but sample SLP-1 stands out with 
less a far less pronounced Nb anomaly and higher HFSE contents.
4.2.2 U-Pb Geochronology
4.2.2.1 Summary of U-Pb zircon dating results
Most of the samples  that  were processed in  this  study yielded a  reasonable amount  of 
zircon. There was surprisingly little variability in the appearance of the zircons, despite the 
fact that a substantial age range is indicated by the dating, and the geochemical composition 
of the sampled intrusions also varies considerably.  Examination of the zircon grains using 
transmitted  and  reflected  light,  backscatter  electron  imaging  (backscatter)  and 
cathodoluminescence (CL) did not yield any evidence for the presence of older inherited 
cores within any of the grains that were analysed. Grains were colourless to pale pink and 
euhedral with sharp crystal facets. The grains were generally unfractured with rare, clear 
tube-shaped inclusions. Examination with backscatter showed faint concentric to no visible 
zoning  typical  of  igneous  crystal  growth  with  no  inherited  cores.  Laser  ablation  work 
carefully avoided any inclusions or fractures.
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U-Pb dating of Cenozoic zircon grains using LA-ICP-MS methods is complicated by the 
fact that the amount of radiogenic Pb present in the grains is very small.  The 207Pb count 
rate is extremely weak, and calculated errors on the  207Pb/235U and  207Pb/206Pb ratios are 
correspondingly large.  For this reason it is common practice to base the interpretation of 
laser ablation ages for relatively young zircons on a weighted average of 206Pb/238U ages for 
a number of grains.
Samples  were  selected  from rocks  representative  of  altered  intrusions  and  mineralised 
intrusions  from  north,  south  and  within  the  TMVB.  Table  4.4  contains  final  age 
determinations  for  samples  from  which  zircons  were  recovered  and  age  dates  were 
produced.  Complete  data,  backscatter  and  CL  images  and  Concordia  plots  of  zircon 
fractions used for U-Pb age determinations are provided in Appendices D and E for work 
done at PCIGR and WSU respectively. Below is a description of the analytical process and 
results for each sample.
Sample COAH-1
A total of 12 individual analyses were made and all yielded overlapping 206Pb/238U ages.  A 
weighted  average  of  the  206Pb/238U ages  is  43.9  ±  0.7  Ma,  which  is  interpreted  as  the 
crystallization age of the sample.
Sample 15-1
Twelve separate zircon grains were analysed.  All but one gave ages in the range of 898 to 
1225 Ma and one gave an age of 293 Ma.  All of the grains analysed were euhedral and 
showed  no  evidence  of  corrosion  or  magmatic  resorption.   In  addition  there  was  no 
evidence for the presence of older inherited zircon cores; however, clearly these ages are 
inconsistent with the inferred Cenozoic emplacement age for the intrusion.  The zircon age 
data  are  interpreted  to  indicate  that  all  of  the  zircons  recovered  from this  sample  are 
xenocrystic in origin, and reflect assimilation into the magma of igneous rock materials that 
include a broadly Grenville-age basement component and probably a Early Permian arc 
component.
95
Sample COAH-17
Twelve zircon grains were analysed, and 11 of these yield a weighted 206Pb/238U age of 42.4 
± 0.8 Ma, which is interpreted to be the crystallization age of the sample.  One analyses 
gave a slightly younger  206Pb/238U age which is interpreted to reflect the effects of minor 
post-crystallization Pb-loss.
Sample COAH-6 
A total of 22 zircon grains were analysed.  The results show a substantial amount of scatter, 
as indicated by the high calculated MSWD (10.2).  The best estimate for the age of the 
sample is given by the weighted average of all of the 206Pb/238U ages, at 30.7 ± 0.7 Ma.
Sample COAH-10
Twelve  euhedral  zircon grains  were analysed,  none of  which showed any evidence for 
magmatic resorption or the presence of older inherited cores.  All gave 206Pb/238U ages in the 
range of 254 to 284 Ma.  These zircons are all interpreted to be xenocrystic in origin, and 
indicate that this intrusion was emplaced through Permian age igneous arc rocks.
Sample Panuco
Twenty-eight zircon grains were analysed from this sample. A weighted average 206Pb/238U 
age for all 28 analyses is 39.5 ± 0.6 Ma (MSWD = 5.3), which is interpreted to give the 
crystallization age of the sample.
Sample CDO
Twenty-one individual zircon grains were analysed from this sample. A weighted average 
206Pb/238U age for all 28 analyses is 43.3 ± 0.3 Ma (MSWD = 0.8), which is interpreted to 
give the crystallization age of the sample.
Sample CB-1 
Eighteen  zircon grains  were  analysed  and a  weighted  average  206Pb/238U age for  all  18 
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analyses is 8.7 ± 0.3 Ma (MSWD = 1.8), which is interpreted to give the crystallization age 
of the sample.
Sample 24-2 
A total of 20 individual zircon grains were analysed.  Although all of the zircons recovered 
from  the  sample  were  similar  in  appearance  and  there  was  no  evidence  for  mixed 
populations  or  the  presence  of  resorbed  surfaces  or  older  inherited  zircon  cores,  the 
analytical data clearly indicates that there are three discrete age populations present.  Nine 
of the analyses yield young ages with a weighted average 206Pb/238U age is 16.1 ± 1.9 Ma 
(MSWD = 1.3), which is interpreted to give the crystallization age of the intrusion.  Two 
analyses give Permian ages (271-272 Ma) and 9 analyses give Grenvillian ages (949-1199 
Ma).  These latter two age populations are interpreted to indicate that the intrusion was 
emplaced  through  and  assimilated  material  from  both  Grenville-age  crystallization 
basement rocks, and igneous rock units belonging to the Permian arc that underlies part of 
the study area.
Sample QTO 
Sixteen zircon grains were analysed.  There is a substantial amount of scatter in the data, as 
evidenced by the high MSWD (34).  A relatively imprecise weighted average 206Pb/238U age 
for all 16 analyses of 13.5 ± 2.7 Ma (MSWD = 0.8) is interpreted to give the best estimate 
for the emplacement age of the sample.
Sample PB-1 
Sixteen  individual  zircon  grains  were  analysed  from this  sample.  A weighted  average 
206Pb/238U age for all 16 analyses is 17.7 ± 0.8 Ma (MSWD = 1.2), which is interpreted to 
give the crystallization age of the sample.
Sample SC-1 
Twelve  zircon  grains  were  analysed  from  this  sample.   Eight  of  the  analyses  give  a 
weighted average 206Pb/238U age of 37.6 ± 0.6 Ma (MSWD = 0.3), which is interpreted to 
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give the crystallization age of the sample.  Four other analyses give older ages; including 2 
at 41-43 Ma, one at 64 Ma and one at 188 Ma.  These ages are interpreted to reflect the 
presence of older xenocrysts of zircons of various ages that have been incorporated from 
the country rocks into which the pluton was emplaced. 
Sample COAH-12 
Twelve grains were analysed and 10 of these gave a weighted average 206Pb/238U age of 24.0 
±  0.6  Ma  (MSWD  =  1.7),  which  is  interpreted  to  give  the  crystallization  age  of  the 
intrusion.  One analysis gave a slightly older age (27 Ma) and is likely to be a xenocryst 
from a slightly older igneous rock in the subsurface, and one grain gave a slightly younger 
age reflecting post-crystallization Pb-loss.
Sample COAH-15 
Twelve zircon grains were analysed from this sample. A weighted average 206Pb/238U age for 
all  28  analyses  is  41.2  ±  1.2  Ma  (MSWD  =  5.3),  which  is  interpreted  to  give  the 
crystallization age of the sample.
Sample TG-3 
Twelve zircon grains were analysed from this  sample.  There is a substantial  amount of 
scatter in the data, as evidenced by the high MSWD (37).  A relatively imprecise weighted 
average 206Pb/238U age for 11 of the 12 analyses of 8.3 ± 0.4 Ma is interpreted to give the 
best estimate for the emplacement age of the sample.  One analysis gives a 206Pb/238U age of 
~17 Ma and is interpreted to be a xenocryst.
Sample T-3 
A total of 27 individual zircon grains were analysed from this sample.  All but two of these 
give  approximately  similar  ages,  and  a  weighted  average  206Pb/238U  age  for  these  21 
analyses is 39.7 ± 0.7 Ma (MSWD = 8.7), which is interpreted to give the crystallization 
age of the sample.  One analysis gives a slightly older age (46 Ma) and one gives an age of 
180 Ma.  These older grains are interpreted to be xenocrysts.
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Sample 3001 
Sixteen zircon grains were analysed from this sample. A weighted average 206Pb/238U age for 
all but one of these analyses is 7.0 ± 0.2 Ma (MSWD = 2.9), which is interpreted to give the 
crystallization age of the sample.
Sample 3002
Sixteen zircon grains were analysed from this sample. A weighted average 206Pb/238U age for 
all but two of these analyses is 8.7 ± 0.1 Ma (MSWD = 2.5), which is interpreted to give the 
crystallization age of the sample.  Two grains give slightly older ages (15 Ma) and are 
interpreted to be xenocrysts.
Sample 3003
Sixteen zircon grains were analysed, and yield a weighted average 206Pb/238U age of 11.8 ± 
0.8 Ma (MSWD = 2.5), which is interpreted to give the crystallization age of the sample.
Sample 3006 
Eleven zircon grains were analysed, and yield a weighted average 206Pb/238U age of 10.5 ± 
0.5 Ma (MSWD = 1.1), which is interpreted to give the crystallization age of the sample.
Sample 3007 
Sixteen zircon grains were analysed, and yield a weighted average 206Pb/238U age of 14.3 ± 
0.3 Ma (MSWD = 0.3), which is interpreted to give the crystallization age of the sample.
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Table 4.4: U-Pb Geochronology Results
Sample Name Description Mineral Property Method Final Age (Ma)
Zircon U-Pb
Zircon U-Pb 30.7 ± 0.7
Zircon U-Pb 24.0 ± 0.6
MC Trend
Zircon U-Pb 43.9 ± 1.9
Zircon U-Pb
Zircon U-Pb
Zircon U-Pb 39.5 ± 0.6
COSC Trend
CDO Zircon U-Pb
SC-1 Zircon San Carlos Porphyry U-Pb 37.6 ± 0.7
North of TMVB
U-Pb 42.8 ± 0.4
T3 Zircon U-Pb
15-1 Zircon U-Pb inherited grains
TMVB
PB-1 Zircon U-Pb
TG-3 Fine grained Volcanic Zircon U-Pb
CB-1 Zircon U-Pb 8.7 +/- 0.3
Zircon Caldera, Late-Mineral Dyke U-Pb 9.4 ± 0.2 
3001 Zircon U-Pb 7 ± 0.2
3002 Zircon U-Pb 8.7 +/- 0.1
3003 Zircon U-Pb 11.8 ± 0.8
3006 Zircon U-Pb 10.5 ± 0.5
3007 Zircon U-Pb 14.3 ± 0.3
28-1 Zircon U-Pb  14.6  ± 0.3
South of TMVB
23-1 Zircon U-Pb 16.7 ± 0.6
3133 Zircon U-Pb 23.8 ± 0.4 Ma
24-2 Zircon No known associated mineralisation U-Pb
SF-1 Santa Fe 2.08 ± 0.11
Syenites
Coah-1 Syenite Syenite, Northern Mexico 43.9 ± 0.7
Coah-6 Syenite Syenite, Northern Mexico
Coah-12 Syenite Syenite, Cerro Picacho
Coah-10 Gabbro
Coah-15 Diorite Candela 1 41.0 ± 1.1
Coah-17 Diorite Candela 42.2 ± 0.8
Panuco Quartz Diorite Panuco Porphyry
Quartz Diorite Concepcion del Oro 43.3 ± 0.4
Quartz Diorite
Concordia Diorite Concordia
Quartz Diorite Cabrito, Sierra de Tamaulipas 39.7 ± 0.7
Diorite Cerro Verde
Quartz Diorite Tuligtic, Principle Porphyry 17.7 ± 0.8
Tuligtic Altered Volcanic 8.2 ± 0.7
Quartz Diorite Caballo Blanco, Porvenir Porphyry
Caldera-wr Hornblende Dacite
Biotite Dacite Caballo Blanco Post Mineral Cerro Metates
Quartz Diorite Caballo Blanco porphyry
Diorite Puebla – Near Mezatepec
Diorite Picacho, Guanajuato
Diorite San Diego, Guanajuato
Diorite Las Minas
Quartz Diorite Cobre Grande
Quartz Diorite Cerro Colorado
Diorite 15.6 ± 1.1
Quartz Diorite
CHAPTER 5: INTRUSIVE-ASSOCIATED MINERALISATION
5.1 Introduction and Approach
As this investigation is a regional study the field work done at each of the prospects visited 
is largely reconnaissance in level although several areas are investigated in greater detail. 
Nevertheless the regional and exploratory focus of the field work resulted in the discovery 
of mineral  showings not previously documented.  In many cases historic workings were 
encountered for which there is no known history; the socio-economic and political history 
of Mexico is such that small scale and unrecorded mining operations have been the norm 
for centuries. In contrast some of the mineral showings and deposits were examined that 
have been the focus of considerable past and recent exploration and have been mined.
Diamond drill  core and mining operations allow for the sampling and study of mineral 
deposits in three dimensions. Samples from below zones of surface weathering allow for 
the collection of samples of fresh alteration minerals and sulphides. For most of the sites 
studied diamond drill core does not exist and mine workings are inaccessible, hindering the 
collection of unweathered rocks.
The mineralisation identified is typical of that associated with shallow arc-related intrusions 
including  porphyry,  skarn  and  epithermal  systems.  Porphyry  style  and  related  skarn 
mineralisation  was  identified  throughout  the  study area.  Given  that  the  plutonic  rocks 
examined in this study almost invariably intrude carbonate sequences of the Cretaceous 
Sierra  Madre  Oriental,  calc-silicate  metasomatism or  skarn  is  common in  the  intrusive 
aureoles. Metal deposition is associated with both endo and exo skarn development. High 
sulphidation  epithermal  mineralisation  was  not  as  common  and  was  found  almost 
exclusively  associated  with  intrusions  located  within  the  TMVB.  Low-sulphidation 
epithermal mineralisation was found throughout the study area. 
5.1.1 Fluid Inclusion Petrography
Given the regional nature of this investigation it was beyond the scope of the project to 
conduct detailed fluid inclusion analysis of all the prospects visited. Furthermore suitable
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Table 5.1. Summary of Fluid inclusion petrography results. CO2  indicates the presence of CO2 bearing inclusions; Critical indicates the 
presence of critical type I or type II inclusions; Co. II & III indicates the presence of coexisting type II and type III inclusions; Banded veins 
indicates the presence of banded quartz veins with type II inclusion rich bands; Epithermal indicates the presence of dilute (no daughter 
minerals at room temperature) fluids trapped in a low temperature epithermal environment.
PROPERTY DESCRIPTION OF SAMPLE TYPE Critical Co. II & III Banded Veins
✔
✔
Quartz vein in skarn zone ✔
Quartz vein in skarn zone ✔
San Carlos ✔ ✔ ✔
✔
Quartz sulphide vein in skarn zone ✔
✔
✔
TMVB Trend
✔ ✔
Caldera-v ✔
No diagnostic inclusions
✔
✔ ✔
✔
Quartz-bladed calcite vein in limestone ✔
South of TMVB
✔
Quartz vein in skarn zone ✔
Santa Fe Quartz-sulphide in skarn zone ✔
CO
2 Epithermal
Candela-Monclova Trend
Panuco Quartz stockwork in Diorite
Concepcion del Oro-San Carlos Trend
Concepcion de Oro Quartz stockwork in Diorite
Candela
Los Angeles
Quartz stockwork in Diorite
Cabrito Quartz stockwork in Diorite
Saltillito
Real Viejo (Coah-14) Epithermal Silver Vein
Concordia porphyry Sulphide and quartz vein stockwork in Diorite
Caballo Blanco Quartz stockwork in Diorite
Quartz vein in breccia
Tatatila Quartz stockwork in Diorite
Puebla Skarn Qtz stockwork in Diorite
Tuligtic Quartz stockwork in Diorite
Tetela de Oro Quartz-adularia vein breccia
Tuligtic – Sinter Zone
Campanario Quartz adulariavein in breccia
Cobre Grande
samples  for  thorough  fluid  inclusion  analysis  are  not  available  at  this  time  given  the 
preliminary geological understanding of the prospects, poor exposure at many sites and the 
lack of drill  core for sample selection in three dimensions.  Nevertheless fluid inclusion 
petrographic analysis was carried out on samples taken of all available quartz vein material 
that was identified in outcrop.
The fluid inclusion petrographic results of this study are interpreted in the context of the 
framework  described  in  section  3.2.1.  Table  4.1  shows  summary  results  of  the  fluid 
inclusion  petrographic  observations  which  will  be  discussed  later  in  this  chapter  and 
chapter 6.
5.1.2 Ar-Ar Geochronology
Of  the  many samples  taken  for  Ar-Ar  geochronological  studies,  six  returned good age 
determinations (Table 5.2). Very few areas investigated were amenable to study by Ar-Ar 
techniques  as  pervasive  weathering  and supergene  alteration  has  overprinted  an  earlier 
hydrothermal alteration mineralogy in many of the sites investigated.
The Ar-Ar age  determinations  of  this  study will  be  discussed  later  in  this  chapter  and 
chapter 6.
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Table 5.2. Ar-Ar Geochronology of Alteration Minerals
Sample Name Description Mineral Property Method Final Age (Ma)
WA San Jose Zone, San Carlos Ar-Ar 38.2 ± 0.2
Ar-Ar 4.407 ± 0.062 
CB-1 Ar-Ar 9.0 ± 0.1 
Caldera Ar-Ar 8.3 ± 0.1
PB-1 Ar-Ar 17.8 ± 0.9
TG-3 Altered Volcanic Ar-Ar 4.3 ± 0.1
Altered Diorite Biotite
Tetela de Oro Altered Quartz Dacite Adularia Tetela de Oro
Altered El Porvenir Diorite Sericite Caballo Blanco
Perro Perdito Quartz-Alunite Altered Volcanic Alunite
Altered Quartz Diorite Sericite Tuligtic
Illite Tuligtic
5.2 Intrusion Related Mineralisation in Northeastern Mexico
The syenitic  rocks identified in  this  study are  not  altered to  any discernible  degree.  In 
contrast the dioritic intrusive rocks are generally variably altered. Below is a discussion of 
the sites of intrusive related mineralisation of northern Mexico examined.
5.2.1 The Monclova-Candela Trend
5.2.1.1 Geological Background
The first published mention of the Monclova-Candela (MC) trend of plutonic rocks was by 
Sewell (1968) in an abstract that described K-Ar ages ranging from 43 to 35 Ma but the 
analytical  data,  locations  and rock types  were not  reported.  Later  Iriondo  et  al. (2003) 
reported an Ar-Ar date of 38.64 ± 0.04 Ma for biotite on an intrusion in the middle of the 
trend (Figure 4.1). This date is also poorly geologically constrained. Molina-Garza  et al. 
(2008) reported an Ar-Ar date from monzonite of the Cerro Mercado intrusive complex at 
the west end of the belt which returned an interpreted crystallisation age of 44.29 ± 0.19 Ma 
and an plateau age of 41.23 ± 0.21 interpreted to represent final  cooling of the pluton 
(Figure  4.1).  Three  samples  from  the  trend,  dated  as  part  of  this  study  using  U-Pb 
geochronology returned ages  from 43.9 ± 1.9 to  39.5 ± 0.6 Ma at  the Panuco Cu-Mo 
porphyry system (Table 4.3; Figure 4.1).
The composite stocks of the MC trend (Figure 4.1) are gabbroic to dioritic but dominated 
by diorite to quartz diorite with minor more mafic phases. The stocks investigated in this 
study are fine grained with phenocrysts of plagioclase and clinopyroxene with minor biotite 
as  described  in  chapter  3.  The  stocks  intrude  a  Cretaceous  succession  of  folded  and 
deformed limestone, calcareous siltstones and shale units which generally dip away from 
the stocks implying that they were structurally modified by intrusion. 
Several  field visits  were made to intrusives and mineral  showings along the MC trend. 
Samples were taken for geochronology (3 samples), whole rock major and trace element 
geochemistry (12 samples),  petrographic (22 polished thin sections)  and fluid inclusion 
analysis (3 thick sections).
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Figure 5.1. Map of the Monclova-Candela trend. Intrusives, age dates and whole rock and assay sample locations of this study, 
outcrops of Cretaceous carbonate rocks, Laramide deformation and intrusive rocks are shown. Modified from Yousefpour, 1980 and 
Molina-Garcia et al., 2008
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5.2.1.2 Alteration and Mineralisation
At the west end of the MC trend an intrusion called Real Viejo was visited (Figure 5.1). 
Quartz-calcite veins were identified crosscutting the intrusive (Figure 5.2 A). A sample of 
quartz vein stained with malachite returned a very high silver value (6250 ppm; Sample 
1106; Table 5.3). Along the limestone contact a magnetite-rich skarn zone was identified 
(Sample 1107; Table 5.3). 
The Panuco porphyry Cu-Mo-Au system was unique amongst the mineral showings studied 
along the MC trend (Figure 5.1). The workings were inaccessible at Panuco however a 
pegmatite breccia zone that cross-cuts and altered the quartz-diorite body is reported to 
contain fragments of Cu-Mo-Au mineralised quartz-diorite (Sanchez-Silva, 1993). Small 
scale mining ceased in 1982, but production at that time is reported to have been roughly 30 
tonnes per day averaging 5% Cu and 1% Mo (Sanchez-Silva, 1993). In this study, quartz 
stockwork veining  was identified in  outcropping quartz  diorite,  adjacent  to  the historic 
workings. Intense sericite alteration (Figure 5.3 C) has affected the quartz diorite which is 
overprinted by supergene alteration. The quartz diorite at Panuco is part of an intrusive 
complex that is oriented roughly NE-SW. Further to the northeast a separate diorite body 
was  sampled  for  whole  rock  analysis  (Figure  5.1;  Sample  Coah-15).  At  the  carbonate 
contact  with  this  intrusive  a  red  garnet  skarn  was  observed  crosscut  by  late  pyrite-
chalcopyrite veins. A sample of the sulphide mineralisation (1108) returned significant Ag 
(39.9 ppm) and Cu (1.41 %) values (Table 5.3). 
The bulk of the known mineralisation along the MC trend consists of contact metasomatic 
skarn ore bodies hosted by limestone country rock to the diorite intrusive bodies. These 
calc-silicate  zones  generally  have  sharp  contacts  with  fresh  or  recrystallised  limestone 
(Figures  5.2  A,  B,  D)  and have  been  exploited  for  magnetite,  Cu and precious  metals 
(Yousefpour, 1980). Endoskarn was also identified in the diorite to quartz diorite bodies and 
consists  largely  of  clinopyroxene  and  epidote  (Figure  5.3  D).  The  exoskarn  skarn 
mineralogy is  dominated  by garnet  and  pyroxene.  Examination  of  the  skarn  bodies  in 
outcrop, hand specimen and thin section shows that there were at least two main pulses of 
calc-silicate development. An early prograde stage of garnet dominated skarn, largely red in
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Figure 5.2: Photos of Intrusion-related 
Alteration and Mineralisation in 
Northern Mexico
A. Sulphide rich garnet skarn zone (Sk) and 
contact with overlying unaltered limestone (Ls) 
Providencia. B. Magnetite-rich skarn zone (M) in 
sharp contact with unaltered limestone, Cerro 
Iman. C. Hand specimen, Concepcion del Oro. 
Quartz-limonite veinlets and sericite (muscovite + 
illite) altered groundmass. D.  Altered intrusive (I) 
– skarn (Sk) contact, Candela area skarn, Cerro 
Boludo.
A B
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Ls
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Figure 5.3. Photomicrographs of Alteration Mineralogy, MC Trend. A. Terminated quartz crystal 
with late open space filling grundgy chalcedony, sample 1106 Real Viejo., PPL, 100X. B. Chlorite (Cl) 
replacing a pyroxene phenocryst, Sample Coah-11, XPL 100X. C. Muscovite(m)-quartz alteration in a 
quartz diorite, Panuco  XPL, 100X D. Endoskarn: clinopyroxene (cp) and K-feldspar replacing 
groundmass of diorite, sample Coah-17, Cerro Boludo, PPL, 100X E. Clinopyroxene (Cpy) intergrown 
with garnet (g) and magnetite (m), Cerro Iman skarn, XPL, 50X. F. Same as E, PPL.
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colour,  is  in  some cases  inter  grown with  magnetite  (Figure  5.3  E,  F).  Later  sulphide 
mineralisation including chalcopyrite and pyrite, crosscuts the earlier garnet and magnetite. 
In the Candela area (Figure 5.1) numerous skarn bodies exist associated with three separate 
intrusive complexes, Providencia, Cerro Iman and Cerro Boludo, which collectively form 
an irregular shaped ridge. Significant Au contents, over 8 ppm (Table 5.3) were detected in 
samples  taken of  magnetite  skarn  crosscut  by pyrite  dominant  sulphide zones  at  Cerro 
Iman. High gold values are accompanied by elevated As, Ag, Mo and Cu (Table 5.3). Not 
all skarn zones of the MC trend are accompanied by the late sulphide rich pulse; at Cerro 
Mercado only magnetite-red garnet skarn was observed. This is also true of one of the large 
magnetite  skarn  bodies  at  Cerro  Iman  from  which  there  has  been  significant  historic 
production  of  iron  from magnetite  rich  bodies  as  evident  from the  scale  of  past  mine 
workings (Figure 5.1).
At the east end of the MC intrusive trend a northeast oriented range-forming anitcline of 
carbonate rocks hosts the Minas Viejas massive sulphide Pb-Zn-Ag deposit (Figure 5.1). 
No intrusive rocks were identified in a field visit to the Minas Viejas area. High grades of 
Pb, Zn and Ag were evidently mined from massive sulphides (sphalerite-pyrite-galena) in 
structurally controlled zones and hosted by unaltered limestones. Three samples thought to 
be representative of mineralisation were collected from underground in historic workings 
for assay (Table 5.3). These samples also returned elevated values of  Cd, (up to 744 ppm), 
As (up to 2940 ppm), Sb (up to 2780 ppm) and Hg (up to greater than upper detection of 
100 ppm) in addition to Pb (up to 2.9%), Zn (up to 7.8%) and Ag (up to 54.5 ppm). This 
suite  of  elements  accompanying  replacement-style  carbonate  hosted  massive  sulphide 
mineralisation  is  typical  of  that  of  high  temperature  carbonate  replacement  deposits 
common in northern Mexico (Megaw et al., 1988).
5.2.1.3 Fluid Inclusion Studies
Panuco and Real Viejo were the only hydrothermal systems in the Monclova belt  from 
which suitable vein samples were found for fluid inclusion analysis.  The samples from 
Panuco  were  of  quartz  stockwork  veined  quartz  diorite  and  showed  classic  shallow 
porphyry fluid inclusion characteristics including coexisting type II vapour-rich inclusions
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Table 5.3. Assay Results for the Monclova-Candela Trend (in ppm unless otherwise indicated)
Sample # Location Description Au Ag As Bi Cd Co Cu Fe % Ga Hg Mn Mo Pb S% Sb W Zn
718 <0.005 221 6450 15 66.7 147 14800 0.62 <10 >100 882 9 8600 0.09 2780 <10 2460
719 0.01 1.6 2940 <2 823 1 413 39.8 60 15 159 3 12800 0.1 46 20 56400
1102 0.01 0.2 4 <2 <0.5 19 69 4.47 10 <1 345 <1 2 1.3 <2 <10 28
1103 0.03 0.6 <2 <2 <0.5 16 18700 1.11 <10 <1 60 <1 8 0.02 <2 <10 38
1104 Magnetite/Garnet 0.02 <0.2 4 6 6 32 154 >15.00 10 <1 655 18 26 0.08 <2 <10 36
1105 0.01 <0.2 6 14 3 80 828 >15.00 10 <1 440 4 20 0.05 4 <10 30
1106 0.07 6250 72 <2 19 1 2760 0.81 <10 15 30 67 115500 0.43 686 <10 1875
1107 0.65 2.2 <2 2 3.5 36 3930 >15.00 10 <1 1540 5 144 1.42 <2 10 86
1108 0.07 39.8 2 <2 2 441 14100 2.97 <10 <1 1395 17 2190 0.17 4 40 314
1109 0.05 <0.2 2 2 <0.5 44 572 5.82 <10 <1 1215 1 26 1.73 <2 <10 38
1110 <0.005 0.4 6 <2 <0.5 12 32 3.25 20 1 130 2 26 0.77 <2 <10 82
1111 Magnetite-red garnet <0.005 0.8 6 <2 7.5 12 423 >15.00 10 <1 1260 3 64 0.01 <2 <10 62
1112 0.72 7.4 10 8 1.5 65 60300 8.35 <10 <1 645 38 20 0.08 <2 30 134
1153 <0.005 3.3 291 <2 24.3 5 993 33.3 <10 0.44 9200 3 8740 0.04 9 10 16700
Matehaupil
Matehaupil claim. 
Jasperoid developed in 
recrystallized limestone.
Minas Viejas Minas Viejas Area. Limonite boulders. Grab.
Gabbro with disseminated 
pyrite, pyrrhotite
Panuco
Supergene affected and 
altered quartz-diorite. 
Malachite stain.
Cerro Mercado
Cerro Mercado Magnetite/Garnet +malachite
Real Vieja Quartz vein. Malachite stain.
Real Vieja Magnetite-pyrite, minor malachite
Green/yellow garnet skarn 
Minor chalcopyrite-pyrite
Provedencia Green garnet-cpy-pyrite
Provedencia recrystallised limestone with disseminated Pyrite.
Cerro Iman
Cerro Boludo Oxidised, friable red garnet skarn
Cerro Iguana Grab of jasperoid near intrusive contact.
Table 5.3. Assay Results for the Monclova-Candela Trend Cont.
Sample # Location Description Au Ag As Bi Cd Co Cu Fe % Ga Hg Mn Mo Pb S% Sb W Zn
1154 0.37 0.6 21 3 1.1 157 2040 12.15 <10 0.5 1430 8 46 4.92 5 <10 140
1155 0.01 <0.2 12 <2 3.1 6 109 1.27 <10 0.05 243 8 47 0.7 <2 <10 291
1156 0.55 13.9 10 <2 <0.5 17 17500 7.68 <10 <0.1 1850 12 36 0.03 <2 10 85
1157 <0.005 <0.2 <2 <2 <0.5 3 45 19.3 10 <0.1 829 1 12 0.02 <2 <10 17
1158 <0.005 1 <2 10 <0.5 6 32 >50 20 0.01 589 4 31 0.01 <2 <10 42
1159 0.05 0.4 9 8 0.6 38 111 32.8 <10 0.01 12550 19 19 0.56 <2 50 18
1160 0.15 0.7 53 38 0.5 36 15700 41.3 10 0.02 18150 20 23 1.59 <2 40 17
1161 0.01 0.5 15 10 0.7 58 19100 39.8 <10 0.04 15000 10 17 0.06 <2 <10 37
1162 8.82 3 982 112 0.7 635 589 38.5 10 <1 7260 9 23 >10.0 2 <10 29
1163 0.06 40.9 1690 6 677 <1 353 46.7 230 53.8 32 5 18100 >10.0 160 <10 78200
1164 0.08 54.5 1300 9 744 <1 660 32.4 300 63.3 25 2 28800 >10.0 336 <10 72600
Provedencia
grab of dump. Garnet 
skarn developed in thinly 
banded limeston. Candela 
area.
Provedencia
grab of dump material. 
Garnet skarn in thinly 
bedded limestone.
Provedencia Grab of garnet skarn. Malachite stain.
Cerro Iman
Grab of dump material. 
Pyroxene rich skarn 
material.
Cerro Iman
Grab of magnetite rich 
material +garnet. Minor 
calcite veining.
Cerro Iman
Candela Area. Grab of 
magnetite, minor sulphide 
content.
Cerro Iman Grab off small dump near iron mine adit
Cerro Iman
Grab of dump material 
with sulphides. 
Chalcopyrite + Pyrite + 
Malachite
Cerro Iman Grab of Pyrite and Magnetite Material
Minas Viejas Underground, Minas Viejas. Sulphide sample
Minas Viejas
Underground Minas 
Viejas. Massive Sulphide 
sample
and abundant type III three-phase bearing H2O inclusions.
Petrographic examination of fluid inclusions of a sample of quartz vein from Real Viejo 
indicated evidence of boiling with coexisting vapour and liquid rich inclusions.
5.2.2 The Concepcion del Oro – San Carlos Trend
5.2.2.1 Geological Background
A roughly east-west trend of diorite to quartz-diorite intrusives, from Concepcion del Oro 
in the west to Sierra San Carlos in the east, was identified in this study (Figure 5.4). The 
Sierra San Carlos range is cored by multiple intrusive complexes that vary considerably 
through space and time (Figure 5.4). Alkaline syenites and gabbros occur in the central and 
southern portions of the Sierra San Carlos and have been dated at 31.6 to 27.9 Ma (see 
section on San Carlos below). As a consequence no linkage was seen between the Sierra 
San Carlos intrusive complex and the intrusions of Concepcion del Oro to the west. Instead 
the San Carlos  range has been interpreted to  be part  of the northeast  trend of alkaline 
intrusives known as the Eastern Alkaline Province or EAB (Bloomfield and Cepeda-Davila, 
1973; Ferrari  et al., 2005b; Aranda-Gomez  et al., 2007; Viera-Decida  et al., 2009). The 
petrological and geochronological data presented in this study links older arc-related diorite 
to quartz diorite bodies associated with Cu-Au mineralisation of the San Carlos range with 
intrusions farther west at Concepcion del Oro which together form the roughly 43 to 38 Ma 
COSC trend as coined by this study.
The historically most important mineral deposits of this trend are the Concepcion del Oro 
and  Providencia  mining  districts  located  near  the  town of  Concepcion  del  Oro  at  the 
extreme west end of the COSC trend. The Cu-Pb-Zn mineralisation at Concepcion del Oro 
and Providencia is associated with calc-silicate metasomatic skarn zones developed in the 
Cretaceous calcareous country rocks to altered granodiorite stocks. These deposits  have 
been  mined  for  centuries.  More  recently  a  disseminated  Ag deposit  has  been  found at 
Penasquito, located immediately south of the historic camps and hosted within an intrusive 
related breccia complex (Turner, 2006). Geochronological studies were carried to determine 
the age of intrusive emplacement and mineralisation at Concepcion del Oro by
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Figure 5.4. Map of the Concepcion del Oro – San Carlos trend. Intrusives, age dates and whole 
rock and assay sample locations of this study are shown. Inset map shows the intrusive units of the 
Sierra San Carlos. Outcrops of Cretaceous carbonate rocks, Laramide deformation and intrusive 
rocks are shown. Modified from Kramar, 1993.
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Buseck (1966) and at Providencia by Ohmoto et al. (1966) both of which employed K-Ar 
techniques. The intrusive at Concepcion del Oro was determined to have been emplaced at 
40  ± 1.2 Ma and that of Providencia at 40 ± 2 Ma (Buseck, 1966; Ohmoto  et al., 1966). 
Hydrothermal adularia at Concepcion del Oro and Providencia returned ages of 38 ± 1.2 
Ma and  38 ± 2 Ma respectively. The author identified stockwork quartz veining and oxide 
Cu minerals in the Concepcion del Oro quartz-diorite (Figure 5.5 C). The stock yielded a 
U-Pb isotopic age of 43 ± 0.3 Ma (Table 4.4).
The intrusives of the COSC trend occur along an east west trend which crosscuts a major 
flexture  in  the  Cretaceous  deformation  architeture  (Figure  5.4).  Overturned  Laramide 
deformation related anticlines and thrust  faults  of the Sierra Madre Oriental  Cretaceous 
carbonates “bend” along the axis of the COSC trend from northwest to the south to west-
northwest. This major orientation change of regional deformation has been interpreted to 
reflect the underlying crustal architecture of ancestral North America (Sedlock et al., 1993).
5.2.2.2 Alteration and Mineralisation
A variety of styles of mineralisation have been reported at the Concepcion del Oro camp; 
porphyry  Cu-Au,  Cu-Pb-Zn-Ag-Au  skarn,  replacement  “CRD”  style  Pb-Zn-Ag 
mineralisation and breccia hosted Ag-Pb-Zn mineralisation of the newly discovered bulk-
tonnage Peñasquito deposit (Buseck, 1966; Ohmoto et al., 1966; Turner, 2006). There are 
two  quartz  diorite  stocks  in  the  main  Concepcion  del  Oro  district;  Provedencia  and 
Concepcion del Oro. The ore deposits of the former are distal to the intrusive-sedimentary 
contact, devoid of iron oxides and dominated by Pb-Zn-Ag sulphides while those of the 
latter are largely hosted by contact metasomatic skarn  dominated by magnetite, hematite 
chalcopyrite and pyrite (Sawkins, 1964; Buseck, 1966; Ohmoto et al., 1966). 
Buseck (1966) reports that the magnetite deposition occurred before that of sulphides at 
Concepcion del Oro. Endoskarn consisting of magnetite, garnet and diopside is described 
within both stocks (Sawkins, 1964; Buseck; 1966). At Providencia the replacement Pb-Zn-
Ag ores are structurally controlled massive sulphide “pipes” and “mantos” which crosscut 
and conform respectively to bedding of the replaced carbonate units. The mining operations 
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of both camps have ceased and access to historic workings is presently not possible.
At Penasquito, mineralisation is mostly hosted by intrusive and fractured and brecciated 
siltstone within, and adjacent to intrusive clast dominated breccia bodies. The ore minerals 
consist  of  sphalerite,  galena,  argentite  and  minor  chalcopyrite  and  pyrite  although  the 
deposit is oxidised to significant depths (Turner, 2006).
Further east are the Los Angeles, Matehaupil and Saltillito intrusive complexes and related 
mineralisation  (Figure  5.4).  In  order  to  characterise  the  geochemistry  of  representative 
mineralisation from these locations samples were taken for assay analysis (Table 5.4).
At Los Angeles a Cu-Au skarn with historic production was identified. A sericite (clay-
muscovite)  pyrite  altered  intrusive  is  associated  with  calc-silicates  developed along the 
contact within thinly bedded limestone units. Rock samples from Los Angeles (1114, 1115; 
Table 5.4) have elevated Au as well as Cu in chalcopyrite bearing quartz-calcite veins that 
cross-cut the calc-silicates (Figure 5.5 A, B). Chalcopyrite in these veins appears to be 
paragenetically late.
The Saltillito system has had historic production of Cu from skarn deposits associated with 
a veined and altered gabbro (Coah-19). Chalcopyrite-bearing veins crosscut the intrusive 
within  which  endoskarn  alteration  has  replaced  igneous  minerals.  Chalcopyrite-bearing 
calcite veins were observed crosscutting garnet (Figure 5.5 E, F). Samples 1117 and 1118 
(Table 5.4) were taken from vein material for assay and returned elevated Cu values.
More extensive work has recently been completed at Matehaupil where Almaden and its 
affiliates  have  conducted  soil  and  rock  sampling  over  an  argillic  altered  intrusive,  El 
Rabioso, crosscut by late quartz veining (Figure 5.4). Sampling has returned Au values up 
to 8 ppm in quartz vein zones. The identification of the Rabioso zone was made too late in 
this investigation for detailed examination to be possible.
In the vicinity of the Saltillito and Los Angeles skarn systems the Santa Isabela showing, a 
ridge of silicified and oxidized limestone associated with calcite veining and limonite after
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Figure 5.5. Photomicrographs of Alteration Mineralogy, COSC Trend. A. Quartz (Q) - calcite (c) 
vein with late chalcopyrite (dark isotropic), sample 1115, Los Angeles, PPL, 400X. B. Same as photo A., 
reflected light. Chalcopyrite (cp) is gold coloured mineral. C. Vapour (V), Halite (H) bearing multiphase 
inclusions, Los Angeles skarn, Sample Coah-18v, PPL, 1000X. D. Vapour (V) and halite (H) bearing 
three phase inclusions, Saltillito skarn, sample Coah-19, PPL, 1000X. E. Chalcopyrite (Cp)-calcite (cal) 
vein crosscutting garnet (g) skarn, Saltillito, sample Coah-19, PPL, 100X. F. Same as E, reflected light 
showing chalcopyrite (Cp).
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sulphides, was identified during the course of field work for this investigation (Figure 5.4). 
No igneous rocks crop out in the vicinity of the Santa Isabela showing however samples 
taken of jarosite-coated silicified limestone (1119, 580826-580831) returned elevated As, 
Hg, Sb, Pb and Zn values typical of CRD style carbonate replacement deposits (Megaw et  
al., 1988). Such deposits in Mexico have been spatially and genetically linked to intrusions 
and have elevated metal contents similar to those returned from analysis of the samples 
from Santa Isabela (eg. Megaw et al., 1988).
5.2.2.3 Fluid Inclusion Studies
Samples were taken from four systems along the Concepcion del Oro – San Carlos trend for 
fluid inclusion analysis. Petrographic analysis of these samples suggests that all the systems 
examined represent porphyry systems that were emplaced at various depths. 
Fluid inclusions observed in quartz veins from a sample of K-silicate altered and quartz 
veined intrusive collected from the Concepcion del Oro area had coexisting type II and type 
II fluid inclusions, representative of a shallow porphyry environment. 
Fluid inclusions populations observed in vein specimens taken from the Los Angeles Cu-
Au skarn system (Coah-18v and samples 1115 and 1115a) contained 2-phase liquid-rich 
H2O and 3-phase halite bearing inclusions and lacked vapour-rich inclusions (Figure 5.5 D). 
These  fluid  inclusion  characteristics  are  unlike  those  of  shallowly  emplaced  porphyry 
intrusions and are more typical of deeply emplaced plutons (Cline and Bodnar, 1991).
Abundant CO2 bearing three phase inclusions and minor three phase salt bearing inclusions 
were observed from vein specimens collected at the Saltillito prospect. (Figure 5.5 E). The 
presence of these types of fluid inclusions are not typical of a porphyry environment and 
are more commonly associated with early stages of hydrothermal activity in non-porphyry 
related  deep  skarn  systems  (Einaudi  et  al.,  1981;  Kwak,  1986;  Quilez  et  al.,  1990; 
Bowman, 1998).
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Table 5.4. Assay Results for Samples of the Concepcion del Oro – San Carlos Trend. All results in ppm unless otherwise stated.
Sample # Location Description Au Ag As Bi Cd Co Cu Fe % Ga Hg Mn Mo Pb S% Sb W Zn
1113 0.125 4.2 104 6 0.5 6 11400 4.19 <10 <1 1400 13 16 0.28 <2 60 34
1114 1.255 15.2 3800 8 5.5 5 14500 14.2 110 3 >10000 10 12 0.12 <2 <10 18
1115 0.025 0.6 1715 <2 <0.5 <1 244 6.72 <10 3 40 20 18 2.14 30 <10 2
1117 1.095 25 96 10 10 39 40800 3.24 <10 1 560 78 116 0.43 <2 <10 886
1118 3.450 58 202 4 11 19 28300 6.49 <10 <1 500 547 228 2.27 8 <10 1770
1119 Santa Isabella 0.005 83.8 4470 <2 7.5 10 574 2.35 <10 1160 305 7 46200 0.27 724 <10 56700
1120 Pyrite vein in intrusive. 0.010 0.8 10 <2 0.5 28 307 3.96 10 3 380 <1 84 0.01 <2 <10 106
718 <0.005 221 6450 15 66.7 147 14800 0.62 <10 >100 882 9 8600 0.09 2780 <10 2460
Los Angeles
Altered mudstone-minor 
malachite associated with 
barite veining
Los Angeles veins of gypsum-chalcopyrite in limestone
Los Angeles Minor qtz veining, disseminated pyrite
Saltillito calcite-quartz veins in intrusive
Saltillito green-red garnet skarn with chalcopyrite
Jasperoid, silicified 
limestone, oxidised, 
jarosite, orpiment
Site of Coah-20
Matehuapil Jasperoid developed in recrystallized limestone.
5.2.3 San Carlos, Tamaulipas
5.2.3.1 Geological Background
The intrusive rocks of the San Carlos project core a 25 km long prominent ridge, called the 
Sierra San Carlos, in which they are hosted by folded and deformed Cretaceous thinly to 
thickly bedded carbonate rocks (Figure 5.4). At the north end of the ridge, in the San Jose 
district, the intrusive rocks are associated with Cu-Au porphyry and skarn alteration and 
mineralisation  (Figure  5.4).  The  San Jose  district  hosts  the  historically  most  important 
mineralisation in the Sierra San Carlos, high-grade Cu-Au skarn bodies, and was the area 
studied in this investigation. Production began in the San Jose area in the late 19 th Century 
(Williams, 1887).
The first  geological  description  of  the  Sierra  San Carlos  is  that  of  Finlay (1904)  who 
identified nepheline syenite south of the San Jose zone in the central portion of the Sierra 
San Carlos. This was followed by a study by Kemp (1905) who noted that the Cu showings 
of the San Jose zone are associated with a more intermediate composition intrusion. This 
intrusion  was  noted  to  occupy  a  topographic  depression  surrounded  by  ridge-forming 
limestone bodies dipping away from the central intrusive. 
The first geochronology of the Sierra San Carlos plutonic rocks was done by Bloomfield 
and Cepeda-Davila (1973) who used K-Ar methodology on 6 samples taken  from syenites 
of the central part of the range at unknown locations. The samples returned ages ranging 
from 29.6  ±  0.6 Ma to 27.9  ±  1.1 Ma. Later Nick (1988) and Kramar (1993) completed 
more detailed geologic mapping and petrographic studies of the Sierra San Carlos. This 
work described the altered plutonic rocks of the San Jose zone as microdiorites, interpreted 
to be the most evolved of the Sierra San Carlos, which is dominated by gabbro at its south 
end and syenite in its central portion (Figure 5.4). Romer and Heinrich (1998) produced an 
age of 31.6  ± 0.6 on vesuvianite from a calc-silicate zone developed in carbonate rocks 
adjacent to a syenite intrusion located at the extreme southeastern portion of the Sierra San 
Carlos, some 25 km from the San Jose zone (Figure 5.4). This compares well with the ages 
obtained earlier by Bloomfield and Cepeda-Davila (1973).
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Figure 5.6. Map of San Jose Zone. Geology, soil geochemistry and sample locations are shown. 
Modified from geological mapping of Dick (2002).
Approximate outline of Diorite to Quartz Diorite Intrusion
Skarn zones
Zones of brecciation with dacite fragments
Zones of stockwork quartz veining
Copper > 500 ppm in soil contour
Molybdenum > 18 ppm in soil contour
Zinc > 200 ppm in soil contour
Gold > 200 ppm in soil contour
San Narcisco
Samples SN-1, SN-3
Begonia
Samples SC-1, SC2, SC3,
SC21, SC4
Samples WA, 3010, 3034
Santa Elena
Modern exploration has been carried out by Almaden and affiliated companies from 1999 
to present. During this time geologic mapping was undertaken by various workers including 
the author and most notably by Dick (2002) who identified structurally controlled zones of 
brecciation which crosscut diorites and host mineralisation. The  breccias contain fragments 
of intensely clay altered quartz phyric intrusive which was described by Dick (2002) as a 
dacite.
The object  of  the present  study in  the area was to  determine the age of the intrusions 
associated with mineralisation, the age of mineralisation and a description of the alteration 
and mineralisation of the district. Twenty four polished thin sections were cut and examined 
from rocks identified by the author as being characteristic of alteration and mineralisation 
of the San Jose zone. In addition fluid inclusion petrography was undertaken on 10 thick 
sections. 
It has generally been assumed by all previous workers that the diorite bodies of the San 
Jose zone are younger and represent more evolved magmatism than the syenite and gabbro 
bodies to the south. Both plutonic bodies have been observed to be cut by later mafic dykes 
described  as  Tinguaites  by  Kemp  (1904);  however,  crosscutting  relationships  between 
diorite and syenite bodies are not evident. Diorite from the San Jose zone was dated in this 
study using U-Pb geochronology (see Table 4.4) resulting in an age of 37.6 ± 0.7 Ma, older 
in fact than the syenites and gabbros of the Sierra San Carlos range. 
5.2.3.2 Alteration and Mineralisation
The San Jose zone covers an irregular area (roughly 4.5 by 3 km in size) of a cropping out 
multi-phase plutonic complex intruding limestone (Figure 5.6). The intrusion is associated 
with several skarn bodies developed both in limestone country rock and within the diorite 
intrusive. In the late 1800’s, the San Carlos Copper Company established mining at San 
Jose, and produced Cu and Au from numerous underground mines, including the Begonia, 
Santa Elena and Bretana mines. During this time, a 59 km railroad was built from the city 
of Linares. Mining ceased in 1910. Only limited exploration and mining has been carried 
out since. Modern exploration began when Almaden Minerals acquired 
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Figure 5.7. Photos of Alteration and Mineralisation at the San Carlos Prospect. A. Outcrop of 
garnter-magnetite endo skarn, San Jose zone. B. Outcrop of stockwork quartz veining in diorite, San Jose 
Zone. C. Hand specimen of quartz veining and K-feldpsar alteration, San Jose Zone. D. Hans specimen of 
sulphide (chalcopyrite dominant) breccia with garnet altered fragments (dark), San Jose Zone. E. Hand 
specimen of garnet endo skarn, San Jose zone.
Figure 5.8. Photomicrographs of Alteration Mineralogy, San Jose Zone. A. Specimen of high-grade 
skarn ore, chalcopyrite (cpy)-actinolite (ac) vein crosscutting massive magnetite, reflected light, 100X B. 
Same as photo A., PPL. C. Hydrothermal biotite (b) in wallrock adjacent to quatz vein, PPL, 100X. D. 
Late intergrown chalcopyrite (cpy)-chlorite (cl) crosscutting early quartz-kspar vein, sample SN-3, San 
Narcisco, PPL, 10X. E. H2O, CO2 and halite bearing fluid inclusion, sample SN-1, San Narcisco, PPL, 
100X. F. Garnet-clinipyroxene vein crosscutting diorite, sample SC3, PPL, 5X .
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claims in the area and conducted reconnaissance prospecting, silt sampling, grid-controlled 
soil sampling and airborne geophysical studies over the San Jose area and nearby lands 
between 1999 and 2002. The airborne magnetic geophysical survey outlined the intrusive 
complex and identified several satellite magnetic high features which may represent skarn 
or additional intrusive bodies. Soil sampling in the San Jose zone has outlined a large Cu-
Mo anomaly in the northwest portion of the intrusive complex as well as a large Au and Zn 
anomaly on the northeastern side of the intrusive (Figure 5.6). 
Propylitic alteration, consisting of pervasive epidote and chorite replacing mafic sites and 
calcite replacing plagioclase, is the most common alteration type identified in the diorite 
bodies of the San Jose zone. Potassic and phyllic alteration zones are also well developed 
but poorly spatially constrained at present. Alteration zones include stockwork quartz-K-
feldspar veining (Figures 5.8 B), biotite alteration and muscovite-illite alteration but the 
spatial  relationships  of  these  alteration  products  are  poorly  defined.  At  San  Narcisco 
sheeted quartz veining was identified and associated with elevated Cu grades.
Petrographic  analysis  was  carried  out  on  polished  thin  sections  made from twenty-two 
samples  collected  from  various  different  alteration  zones  identified  in  hand  specimen. 
Biotite (Figure 5.8 C) alteration and quartz-K-feldspar veining are the earliest alteration 
products  and  are  crosscut  by  endoskarn  phases  including  garnet-clinopyroxene  veins 
(Figure 5.8 F). K-feldpsar staining aided in its identification along vein margins and in 
early  stage  sheeted  quartz  veins  (Figure  5.6  C).  Sericite  and  chlorite  are  later  in  the 
paragenesis and are accompanied by sulphides including chalcopyrite. Intergrown chlorite-
chalcopyrite  was  noted  crosscutting  earlier  quartz-K-feldspar  veins  at  San  Narcisco 
(Sample SN-3; Figures 5.6, 5.8 D).
Numerous small and moderate size mineral occurrences at San Carlos are located within the 
diorite intrusion have been interpreted to represent calc-silicate and sulphide replaced roof 
pendants or  xenoliths of  carbonate  country rock material  (Figure 5.6).  The mineralized 
skarn bodies vary from a few metres, to approximately 200 m wide (Figures 5.6, 5.7 A). 
The principal calc-silicate mineral in the San Jose skarns is garnet (Figure 5.7 E) which 
ranges from medium to coarse-grained and from deep red to green in colour (Kemp, 1905; 
125
Dick, 2002).  Magnetite is  an important accessory mineral  and in some cases makes up 
greater than 50% of rock volume. Copper mineralisation is later in the paragenesis of the 
skarn bodies, often accompanied with chlorite and amphibole (Figures 5.8 A, B).
Au has been reported in the historic shipments from mining operations in the area. This was 
confirmed  by  sampling  mineralised  zones  cropping  out,  dump  material  and  historic 
underground workings during an exploration work program conducted by Almaden and its 
affiliates. At the Begonia mine, continuous channel sampling returned 28 meters at 1.8% 
Cu and 5.05 g/t Au (Figure 5.6).
Cu-Au-bearing breccia bodies have been described and mapped underground in the San 
Jose area (at Santa Elena and La Begonia) by Dick (2002). He describes clasts of dacite 
porphyry and skarn (Figures 5.6, 5.7 B). Mineralization normally occurs in the form of Cu 
oxides near surface, but local zones of sulphide mineralization are exposed at deeper levels. 
Extensive soil sampling was also carried out in a grid pattern. Soil samples were analysed 
for  Au and 34  elements  using  fire  assay and ICP-MS methodologies  respectively.  The 
results from this work show a classic zoning of metals with a core area in the northern part 
of the San Jose zone with coincident elevated Cu and Mo within an area underlain by 
altered plutonic rocks. Outside of this Cu-Mo in soil anomalies are broad arcuate zones 
with elevated Pb, Zn, Ag, As and Au which are coincident and outboard of the limestone-
intrusive  contacts  (Figure  5.6).   Subsequent  exploration  level  rock  sampling  of  altered 
limestone within the areas anomalous with the latter elements have returned Zn values as 
high as 37%. The concentric metal zoning reflected in the soil survey is characteristic of 
metal zoning in large porphyry Cu intrusive centres and very similar to those described at 
Bingham Canyon, Utah (Phillips et al., 1997).
Limited drilling by Almaden and affiliated companies in the San Jose area has returned 
broad low grade Cu zones including an intersection of 247.50 m of 0.04% Cu and 0.008% 
Mo in an altered and quartz veined diorite with 3 meter sections returning up to 0.19% 
copper and 0.021% molybdenum (Von Ferson, 2003). These early drilling efforts were not 
constrained by detailed geological and alteration mapping and are not considered to have 
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adequately tested the porphyry potential of the San Jose zone (Poliquin, 2009).
5.2.3.3 Fluid Inclusion Studies
Several specimens taken from quartz veins crosscutting an altered intrusive at the San Jose 
zone were examined for their fluid inclusion characteristics. Reconnaissance fluid inclusion 
petrography of the San Jose zone quartz veins identified two varieties of fluid inclusion 
populations. Early stage veins have some liquid-rich inclusions that contain visible CO2, 
some type  II  inclusions  and some type  III  inclusions  (Figure  5.8 E).  The  CO2  bearing 
inclusions are interpreted to be similar to CO2 bearing critical inclusions at the Bingham 
Canyon deposit (Roedder, 1971). If so this would indicate a deeper level of emplacement. 
Later  stage  chalcopyrite-chlorite  veining  crosscuts  this  earlier  stage.  This  last  stage  is 
typical  of sulphide rich veins that  form at hydrostatic pressures late in the mineralising 
phase of the evolution of a porphyry system (Cline and Bodnar, 1991; Hedenquist  et al., 
1998). The fluid inclusion petrography therefore suggests that the San Carlos system may 
be  a  more  deeply  emplaced  porphyry  system  with  overprinting  late-stage  hydrostatic 
conditions accompanying Cu-Au deposition.
5.2.3.4 Ar-Ar Geochronology
As part of this study a sample collected of hydrothermal biotite from the San Jose zone 
returned  an  Ar-Ar  plateau  age  of  38.2  ±  0.2  Ma (Appendix  D).  This  age  is  in  rough 
agreement with the age of 37.5 ± 0.7 Ma for a quartz diorite of the San Jose zone obtained 
using U-Pb geochronological methodology in this study (Table 4.4).
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5.2.4 Other Showings North of the TMVB
The  Sierra  de  Tamaulipas  is  a  large  alkaline  igneous  complex  consisting  of  multiple 
intrusions of mafic to felsic plutonic and volcanic rocks (e.g. Viera-Decida  et al., 2009). 
Reported  plutonic  rocks  include  olivine  gabbro,  nepheline  syenite  and  carbonatites 
(Ramirez-Fernandez et al., 2000). Several workers have reported K-Ar age determinations 
for alkaline intrusive rocks of the Sierra de Tamaulipas returning ages that range from 32.6 
to 24 Ma (Cantagrel and Robin, 1979; Camacho-Angulo, 1993 Seibertz, 1998; Ramirez-
Fernandez et al., 2000; Viera-Decida et al., 2009). The intrusive complex is surrounded by 
alkali-basalt  fields  which  have  been  dated  by  K-Ar  geochronology  at  5  to  1.4  Ma 
(Camacho-Angulo, 1993; Aranda-Gomez et al., 2005; Viera-Decida, 2009). The Cabrito Cu 
porphyry system, located in the western part of the Sierra de Tamaulipas (Figure 1.2), is 
associated with a quartz diorite represented by Sample T3 which was also sampled in this 
study for whole rock analysis  and U-Pb geochronology. The Cabrito prospect diorite is 
located on the western edge of the Sierra de Tamaulipas intrusive complex. Whole rock 
major and trace element geochemical results of this study suggest that the Cabrito intrusive 
is a product of arc-related magmatism and a U-Pb age determination of this study returned a 
date of 39.7 ± 0.7 (Table 3.4). Garnet-rich Cu-bearing skarn was identified at an intrusive-
limestone country rock contact and a weak quartz stockwork within the intrusive. Samples 
taken  from  Cabrito  for  assay  returned  elevated  Cu  and  Au  values  (Table  5.5).  Fluid 
inclusion petrography of samples of quartz vein material identified evidence of a shallow 
porphyry system including  co-existing  type  II  (vapour-rich)  and  type  III  (hyper-saline) 
inclusions.
A sample of quartz diorite (sample La Negra) was taken from La Negra skarn system for 
whole rock major and trace element geochemistry (Chapter 3). Vassallo et al. (2002) dated 
the diorite using K-Ar methods showing the age of intrusion to be roughly 40 to 38 Ma. 
More than twenty polymetallic Pb-Zn-Ag sulphide zones have been identified at la Negra, 
hosted  in  calc-silicate  altered Cretaceous  carbonate  country rocks  to  the  diorite  bodies. 
Fracture-controlled  massive  sulphide  mineralisation  is  accompanied  by  green  garnet-
pyroxene-amphiole  exoskarn  which  crosscuts  early  and  pre-mineral  anhydrous  garnet-
wollastonite exo-skarn (Lang et al., 1999). In this study, an examination of large boulders 
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of sulphide-rich material left from previous mining operation identified a arsenopyrite-rich 
chalcopyrite-sphalerite-pyrite  sulphide  veining.  Assay analysis  of  this  material  returned 
elevated Ag (349 ppm; Table 5.5).
In the nearby Zimapan district  of intrusion-related polymetallic  deposits,  the stockwork 
veined Concordia prospect was examined. In this study a U-Pb age determination returned 
the date of 42.8 ± 0.4 Ma from a sample of the Concordia stock. At the Zimapan deposit a 
diorite to quartz-diorite intrusive complex cuts Cretaceous limestones, along the contacts 
with which broad calc-silicate zones have formed. Diorite bodies of the Zimapan district 
were dated by Vassallo et al. (2002) using K-Ar techniques as 43.6 to 41.8 Ma. Within the 
calc-silicate  metasomatic  zones  late-stage  Cu-Pb-Zn-Ag  sulphide  orebodies  have  been 
exploited for centuries (Simons and Mapes, 1957). Both skarn and replacement CRD style 
mineralisation occur at Zimapan, the former proximal to the intrusion associated with calc-
silicate metasomatism and the latter more distal to the intrusive (Megaw et al., 1998). The 
highest Cu grades mined historically in the district are associated with the Concordia diorite 
stock (Sample Concordia). Historic underground workings were entered at Concordia and a 
quartz-chalcopyrite-sphalerite stockwork within the intrusive was identified. Fluid inclusion 
petrography of samples taken of this quartz veining identified co-existing type II (vapour-
rich) and type III (hyper saline) inclusions typical of a shallow porphyry environment.
A quartz-sericite altered quartz-diorite intrusive (sample SLP-1) was identified at a prospect 
named Bismuth. This intrusive is associated with Cu bearing skarns from which there  has 
been  histroric  exploration  in  the  form of  surface  pits  and  diggings.  The  current  study 
focussed on sulphide veins in the intrusive that returned high Bi values in samples. Samples 
of representative sulphide vein and skarn materials were taken for assay analysis (Table 
5.5).  Assays  of samples from this  showing returned significant As (141 to greater than 
10,000 ppm), Ag (2.2 to 610 ppm), Cd (1.9 to greater than 500 ppm) and Bi values from 4 
to 1330 ppm (Table 5.5). 
At the Cerro Verde system a diorite stock (sample 15-1) intrudes andesitic and basaltic 
volcanic rocks. Chalcopyrite occurs in barite veins hosted by the volcanic rocks.
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Table 5.5. Assay results for samples taken from prospects north of the TMVB
Sample # Location Description Au Ag As Bi Cd Co Cu Fe % Ga Hg Mn Mo Pb S% Sb W Zn
3006 Bismuth Sulphide vein in intrusive 1.1 148 >10000 1330 >500 4 1845 >15 10 <1 304 4 201 5.41 309 <10 59900
3007 Bismuth <0.005 99.4 734 4 1.9 <1 43 0.87 <10 <1 23 1 61 0.37 13 <10 198
3008 Bismuth 0.08 8 8150 579 111.5 2 540 >15 40 1 25 9 460 0.12 222 <10 1975
3009 Bismuth 0.02 33.7 144 24 263 5 1190 4.88 <10 <1 703 <1 174 1.38 19 20 64900
3010 Bismuth 0.4 610 181 1875 35.3 3 6470 11.45 <10 <1 >10000 3 6120 0.02 131 260 4990
3011 Bismuth 0.06 255 283 192 >500 23 5910 7.53 <10 4 >10000 <1 2680 0.01 225 130 215000
3012 Bismuth clay gouge in fracture 0.01 2.2 681 12 21.2 <1 72 1.18 10 1 468 <1 126 0.01 29 <10 4270
3000 0.6 19.4 6 23 6.9 29 16700 >15 10 <1 912 2 2 0.05 <2 10 20
3001 0.85 11.6 17 20 <0.5 1 709 3.5 <10 <1 48 7 <2 0.04 34 10 35
3002 0.88 22.7 5 16 0.9 3 24000 5.65 <10 <1 766 1 <2 0.04 <2 10 19
3003 Massive magnetite skarn 1.54 8.3 <2 7 8.8 56 29900 >15 10 <1 1270 1 3 0.03 <2 <10 211
3004 0.03 0.6 <2 <2 <0.5 8 2380 2.25 <10 <1 773 <1 <2 0.01 <2 <10 12
3033 <0.005 1.5 388 2 0.9 1 3290 0.53 <10 <1 456 1 118 0.33 14 <10 76
3034 0.01 1.2 182 3 1 36 54 10.6 <10 <1 275 <1 186 9.69 8 10 81
3015 0.13 1225 >10000 42 9.9 7 693 >15 <10 33 5090 4 19100 8.9 >10000 <10 473
3016 0.02 200 >10000 20 <0.5 5 26 2.26 <10 3 47 3 2000 1.07 563 <10 74
3032 0.18 349 >10000 460 223 492 45500 >15.0 10 <1 776 5 4330 8.36 306 550 26400
Quartz vein with mm scale 
pyrite bands.
massive jarosite as mod 
dipping bed or vn.  Adit 
driven on this material
Green garnet skarn with 
malachite
Sulphide vein with needle 
like crystals.
Sulphide vein, pyrite with 
acicular sulphide crystals.
Cabrito Garnet/Magnetite skarn with malachite
Cabrito Drusy quartz vein, limonite
Cabrito Garnet/Magnetite with malachite
Cabrito
Cabrito Quartz Stockwork in intrusive, minor malachite
Cerro Verde barite vein with chalcopyrite in basalt 
Cerro Verde massive pyrite veins in hornfelsed volcanic
Cueva de oro massive arsenopyrite
Cueva de oro
intrusive, silicified 1% 
disseminated 
arsenopyrite.
La Negra
Massive sulphide ore; 
arsenopyrite + sphalerite 
+ chalcopyrite
A sample of chalcopyrite-barite vein material returned 3290 ppm Cu and anomalous (388 
ppm) As (Table 5.5). A sample of the altered intrusive returned low metal values in general 
but anomalous (182 ppm) As (Table 5.5).
Plagioclase  phenocrysts  were  replaced  by  K-feldspar  which  suffered  subsequent 
replacement  by  sericite  and  pyrite.  Significant  pyrite  and  biotite-rich  hydrothermal 
metasomatism was identified at an intrusive volcanic contact. An outcrop of weak quartz 
stockwork  associated  with  pyrite  was  identified  in  the  intrusive.  No  diagnostic  fluid 
inclusions were identified in the samples taken of these veins.
A sample was taken of an argillic altered intrusive (sample QTO-1) which is  reputedly 
associated with Au-bearing arsenopyrite sulphide zones. This prospect, located in Hidalgo 
State,  is  known  as  Cueva  de  Oro.  The  historic  workings  identified  were  collapsed, 
precluding access to examine the mineralisation at this locality. The outcropping intrusive 
was  silicified.  In  one  locality  minor  arsenopyrite  and  pyrite  were  disseminated  in  the 
intrusive. An assay of this sample returned greater than upper detection limits for arsenic 
(>10,000 ppm) and 200 ppm Ag (Table 5.5). A sample of sulphide-rich dump material with 
a high proportion also returned high Ag (1225 ppm), As and Sb values greater than upper 
detection limits (>10,000 ppm) and 19100 ppm Pb (Table 5.5).
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5.3 Intrusion Related Mineralisation in the TMVB
Several porphyry and epithermal Au systems were identified as part of the field work for 
this study. Other prospects described in this section have had limited historic production. In 
no locality studied, except Tuligtic (Camprubi  et al., 2001; Morales-Ramírez et al., 2003; 
Tritilla  et al., 2004), has there been any past research into the nature and genesis of the 
mineralisation. 
This  study  has  identified  a  new  belt  of  previously  unrecognised  high  sulphidation 
epithermal systems associated with quartz-alunite alteration including the Caballo Blanco, 
Caldera, San Diego and Picacho prospects. In these areas, bleached colour anomalies were 
identified which represent broad zones of argillic alteration in turn flanking silica ledges. 
Quartz-alunite  alteration  forms  conspicuous  resistant  outcrops  along  ridges  that  can  be 
detected  from  aerial  photographs  and  satellite  images.  The  alteration  zones  also  have 
prominent  hydroxyl  responses  resulting  from  ASTER  satellite  remote  sensing  work 
conducted by Almaden Minerals enabling the author to identify these areas during field 
visits to the areas. 
At two of the prospects, Caballo Blanco and Caldera, banded quartz veins with alternating 
dark and light coloured bands have been identified. At Caballo Blanco they are associated 
with significant Au grades and crosscut earlier quartz-veins considered similar to porphyry 
environments carrying elevated Cu and Au grades. The banded veins are typical of those 
described in shallow Au-rich porphyry systems elsewhere including the Maricunga district 
in Chile (Muntean, 1998; Muntean and Einaudi, 2000; Muntean and Einaudi, 2001).
Au and Ag-rich low-sulphidation quartz veinlet zones were also identified in the TMVB 
and examined as part of this study. These include the Tetela de Oro prospect and quartz-
bladed calcite veins at Tuligtic.
The  Tuligtic  Cu-Mo-Au  porphyry  prospect  shows  characteristics  unlike  that  of  the 
porphyry systems identified at Caballo Blanco and Caldera. At Tuligtic, more typical  A-
type and D-type quartz veins of the porphyry classification of Gustafson and Hunt (1975) 
were identified associated with potassic and phyllic alteration respectively.
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In summary a range of intrusion-related mineral deposits types have been identified in the 
eastern TMVB, perhaps reflecting distinct timing, mineralogy and geochemistry. Detailed 
observations from the various prospects examined are discussed below.
5.3.1 Caballo Blanco, Veracruz
5.3.1.1 Geological Background
The  Caballo  Blanco  prospect  is  located  roughly  75  km north-northwest  of  the  city  of 
Veracruz on the Gulf Coast of Mexico. Regionally the property is located over a tectonic 
high  known  as  the  Teziutlan  Massif,  which  is  thought  to  be  underlain  by  Paleozoic 
basement rocks (Gomez-Tuena et al., 2003). The Caballo Blanco property covers an area 
entirely underlain by Cenozoic volcanic rocks. The volcanology and petrogenesis of the 
eastern TMVB has been studied for decades (Cantegral and Robin, 1979; Negandank et al., 
1985; Gomez-Tuena et al., 2003; Ferrari et al., 2005a,b; Orozco-Esquivel et al., 2007).  The 
recent regional  igneous petrogenesis  and geochronology work by Gomez-Tuena (2003), 
Ferrari et al. (2005) and Orozco-Esquivel et al. (2007) provides an excellent framework for 
the interpretation of results from the present study.  These past studies identified several 
geological episodes in the TMVB, all of which can be seen at the Caballo Blanco property: 
(1) Middle to Late Miocene (15-11 Ma) gabbroic to dioritic calc-alkaline intrusions some of 
which have adakitic geochemistry; (2) Late Miocene (7.5 to 6.5 Ma) mafic volcanic rocks; 
(3) Early to Late Pliocene (4.0 to 3.0 Ma) bimodal volcanism; and (4) Late Pliocene to 
Quaternary mafic alkaline flows. 
The Caballo Blanco property is largely underlain by a sequence of andesitic to dacitic lithic 
tuffs, crystal tuffs and volcanic breccias. These volcanic rocks are bounded by, and possibly 
in  fault  contact  with,  more  mafic  flows  and related  clastic  rocks.  Large  ridge-forming 
arcuate  faults  are  present  and are interpreted to  represent  normal faults  associated with 
caldera development (Figure 5.9).  These arcuate faults separate unaltered outer basalt from 
intermediate altered andesite to dacite volcanic rocks that, along with intrusive rocks, host 
mineralisation  at  Caballo  Blanco.  All  these  volcanic  rocks  are  thought  to  be 
contemporaneous with episode 1 Middle to Late Miocene described above. Rocks from the 
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Caballo Blanco area have not been dated by past workers however two unaltered intrusions 
near the property were dated by K-Ar methods by Ferrari et al. (2005b) at 14.6 Ma (Plan de 
las Hayas, north of property) and 13 Ma (El Limon west of property).  These rocks are 
interpreted to be roughly contemporaneous with those underlying the Caballo Blanco area.
Fine-grained,  magnetic  diorite  intrusions  and  dykes  have  been  identified  in  several 
locations on the property and intrude the Late Miocene volcanic rocks (Figure 5.9). These 
rocks  are  highly  altered  and  affected  by  porphyry  style  mineralisation.  In  this  study 
(Samples  CB-1,  3002;  Chapter  3)  zircons  from  two  samples  of  porphyry  altered  and 
mineralised diorite were dated using U-Pb techniques returning dates of 8.7 ± 0.1 Ma and 
8.7 ± 0.3 Ma. Also in this study a U-Pb date of 7 ± 0.2 Ma (Sample 3001; Chapter 3) was 
obtained from an unaltered biotite  dacite  body called  Cerro Metates  that  crosscuts  and 
overlies acid-sulphate alteration on the east side of the property (Figure 5.9). Two ages were 
obtained from samples taken at this locality using K-Ar techniques on biotite by Cantegral 
and Robin (1979) returning 7.5 and 6.5 Ma. A K-Ar date of 7.48 ± 0.13 for Cerro Cantera, a 
similar biotite dacite located south of the property, was reported by Ferrari et al. (2005b). 
The U-Pb date of this study provides a minimum age for high sulphidation alteration.
Minor post mineralisation basaltic flows are found in the property area and overlie altered 
andesitic volcanics and tuffaceous rocks. These rocks are interpreted to be correlative with 
episode 3 mafic alkaline volcanism. Three K-Ar ages were reported from these basalts west 
and south of the property by Ferrari et al. (2005) and range from 3.81 to 3.50 Ma.
5.3.1.2 Alteration and Mineralisation
Four styles of alteration and mineralisation have been identified at Caballo Blanco: (1) Cu-
Au porphyry style alteration accompanied by potassic and phyllic alteration and hosted by 
largely diorite  to quartz-diorite  intrusions;  (2) Au porphyry style banded quartz  veining 
hosted  by  volcanic  rocks  and  diorite  intrusions  and  associated  with  muscovite-clay 
alteration;  (3)  low-sulphidation  epithermal  quartz-barite  vein  hosted  Au-Cu-Ag 
mineralisation; (4) high-sulphidation epithermal Au mineralisation associated with vuggy 
silica, silica-hematite breccias and acid sulphate alteration of a porphyry lithocap (Poliquin, 
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1998).  Types 1 and 2 porphyry style alteration and mineralisation as well as type 3 low-
sulphidation quartz-barite veining are located in the Central Grid area which is a roughly 5 
by 5 km zone of intense quartz-sericite (muscovite-illite)-pyrite alteration (Figure 5.9).
The first mineralisation identified in this area was highly oxidised and weathered quartz- 
barite vein float which returned significant Au values, up to 25 ppm (Poliquin, 1998). Silver 
is locally present and most samples were highly anomalous in Cu, Pb and Zn. Subsequent 
drilling in 1998 intersected fresh quartz-barite veins returning 12.2 meters of 3.8 ppm Au, 
23 ppm Ag and 0.37% Cu (Poliquin, 1998). Surface samples are generally very leached and 
only boxwork after sulphides indicates that the vein had high original sulphide contents. 
The 1998 drill program, from which the above reported grades were intersected, employed 
reverse circulation drilling techniques. While the drilling intersected sulphides below the 
shallow zone of oxidation, no chips of vein material large enough for petrographic thin 
sections were recovered. Nevertheless pyrite, chalcopyrite, galena and sphalerite in order of 
abundance, were identified in the small chips (Poliquin, 1998). Drilling also encountered a 
quartz-sulphide  vein  crosscutting  earlier  potassic  alteration  and  type  1  Cu-Au 
mineralisation of the El Porvenir stock (Poliquin, 1998).
Petrographic analysis of thin sections made from samples taken from surface outcrop of the 
oxidised quartz-barite vein material identified two stages of quartz; (1) an early stage of 
coarse quartz-bladed barite has abundant fluid inclusions and (2) late-stage fine-grained 
chalcedonic or microcrystalline quartz occurs in multiple fine bands (Figures 5.10 F, 5.12 
A). . Each phase was made up of multiple episodes of quartz deposition. 
The barite blades of the first stage are variably replaced by fluid inclusion rich quartz. The 
results of fluid inclusion petrographic analysis of this vein material are described below. 
The late-stage phase mm scale crustiform banded quartz is reminiscent of descriptions of 
low-sulphidation epithermal deposits (5.12 A; e.g. Simmons et al., 2005). Observations at 
geothermal  systems  suggest  that  fine  grained  quartz  bands  have  replaced  earlier  non-
crystalline amorphous silica which deposits directly from boiling near neutral
135
Northern Zone
Highway Zone
Central Grid Zone
Normal fault
El Porvenir porphyry
Samples CB-1, 3002
Los Banos
 Tetones
El Pedrero Porphyry
Cerro Metates
Sample 3001
Post mineral basalt
Post mineral
Biotite dacite
Massive to vuggy silica
quartz-alunite
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Quartz-sericite-pyrite
illite
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Cerro 
La Paila 
Location of drillholes
used in Table 5.7
And Figure 5.13 A
Figure 5.9. Map of the Caballo Blanco Prospect. Modified from Teliz et al., 2008. 
All contacts are inferred. Geology developed from numerous exploration campaigns of 
Almaden and affiliates. Appendix A contains fieldslips relating to some of the author's 
contribution.
Zone of 
Banded veins
Highway
Paved road
2 km
Location of drillholes
Used in Table 5.6  
and Figure 5.13 B
Figure 5.10. Photos of Porphyry and Low-Sulphidation Style Alteration and Mineralisation at 
Caballo Blanco Prospect. A. Panorama of the Central Grid area, looking north. Foreground overlies 
area of mineralised porphyry. Ridges on the horizon are of resistant silica alteration, Northern Zone high-
sulphidation gold system. B. Hand specimen. Quartz-pyrite veinlets (dark) with sericite (muscovite + 
illite) haloes crosscutting k-felsdspar-biotite-amphibole altered intrusive, El Porvenir. C. Drill core, 
Potrero zone, A-type quartz veins (dark) overprinted by light coloured sericite (muscovite-illite) 
alteration. D. Drill core Potrero zone, D-type quartz-pyrite veins. E. Hand specimen of banded quartz 
vein from outcrop, Central Grid. F. Quartz - bladed barite vein, Central Grid. 
A B
C D
E F
Figure 5.11. Photos of High Sulphidation Style Alteration and Mineralisation at the Caballo 
Blanco Prospect. A. Ridge forming massive and vuggy silica, Northern Zone. B. Boulders and subcrop 
of massive and vuggy silica (S), overlying weathered quartz-alunite alteration in roadcut, Northern Zone. 
C. Drillcore specimen of vuggy silica from Cerro La Paila, Northern Zone, taken from a 2 meter section 
that returned 2.44 g/t gold. D. Hand specimen, vuggy silica breccia, Northern Zone. E. Drillcore 
specimen of massive silica from Cerro La Paila, Norther Zone, taken from 2 meter section that averaged 
0.349 g/t gold.
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Figure 5.12. Photomicrographs of Alteration Mineralogy, Caballo Blanco. A. Quartz-barite (b) vein, 
Central Grid zone with late-stage colloform banded fine grained quartz (cq), PPL, 50X. B. Banded 
quartz vein, Central Grid, arrow points to dark “streak” of vapour-rich inclusions, PPL, 50X C. El 
Potrero porphyry, coexisting vapuor-rich (V) and multiphase saline inclusions (m) PPL, 400X. D. 
Multiphase type III hypsersaline inclusion, El Potrero porphyry, hole CB-19, PPL, 1000X. E. El Potrero 
Porphyry; Chalcopyrite (Cp) intergrown with chlorite (chl), PPL, 400X. F. Same as E, reflected light 
showing chalcopyrite (Cp).
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alkali-chloride fluids at  temperatures generally less than 300°C (Simmons and Browne, 
2000).  Similarly described quartz-barite-sulphide veins  have been observed crosscutting 
porphyry style alteration at  various Au-rich porphyry systems in the Maricunga district, 
Chile (Muntean, 1998).
To date, porphyry style alteration and mineralisation has been identified in the Central Grid 
along a ~ 4 km northwest trend from the Los Banos Tetones at the southeast end to the El 
Pedrero zone at the northwest (Figure 5.9). The  Los Banos Tetones are two conical hill 
forming breccia zones. The fragments of these breccias are homolithic and consist of quartz 
veined and intensely sericite (muscovite-pyrite) altered diorite fragments. The quartz veins 
often have a  dark banded texture in hand specimen (Figure 5.10 E).  The matrix  to the 
breccias  consists  of  coarse  pyrite  as  seen  in  reverse  circulation  drill  chips,  however  at 
surface the pyrite matrix has been completely leached leaving only limonite and jarosite 
residue around the remnant fragments (Poliquin, 1998). The banded veins also occur in the 
sparce outcrops of muscovite-illite pyrite altered volcanic which have been mapped north 
and east of these breccia zones and encountered in RC drill chips from drill holes in the 
vicinity (Figure 4.9). All the banded veins investigated are oxidised except those from RC 
drill chips which are unfortunately too small to make into thin sections. In thin section 
(sections  made  of  oxidised  dark  banded  material  from  surface)  the  dark  bands  were 
identified as zones of abundant vapour-rich fluid inclusions that cross cut quartz grains. The 
lack of outcrop hinder the ability to map the distribution of banded veins, however based on 
intercepts  from  limited  drilling  they  appear  to  extend  from  the  Los  Banos  Tetones 
northwest to the El Porvenir zone (Figure 5.9).
Further north-northwest are the El Porvenir and Pedrero porphyry Cu-Au centres (Figure 
5.9).  Both these zones  of  mineralisation are  centred  on porphyry stocks  emplaced into 
altered volcanic sequences. The composite stocks include both diorite and quartz-diorite 
phases. At present there is not sufficient drilling information to determine the form of the 
stocks  but  they are  interpreted  to  be steeply inclined.  Multiple  phases  of  intrusion  are 
evident at both El Porvenir and Pedrero (Sillitoe, 2008). The earliest porphyries at both 
localities have the best developed quartz veining and quartz-veinlet xenoliths have been 
observed in the core logged (Teliz et al., 2008). The late-mineral porphyries are marked by 
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the absence of quartz veins and potassic alteration. At El Porvenir a barren late-mineral 
quartz-diorite dyke crosscuts earlier diorite hosted alteration and mineralisation.
Potassic  alteration  is  earliest  at  both  Porvenir  and  Pedrero  and  is  characterised  by the 
presence of K-feldspar, amphibole and biotite. The K-feldspar occurs in and adjacent to 
quartz veins. K-feldspar in the groundmass of the intrusive rocks may also be hydrothermal 
in origin. Potassic alteration appears to be mostly restricted to the intrusive suites although 
biotite-magnetite altered volcanic rocks were recognised in reverse circulation drill chips 
from a hole  collared  east  of  the  El  Porvenir  zone  (Poliquin,  1998).  Translucent  quartz 
veinlets  with  wavy  boundaries,  magnetite,  magnetite-actinolite  and  quartz-magnetite-
chalcopyrite veinlets and hairline streaks of magnetite-chalcopyrite have also been noted 
(Figures 5.10 B,C,D). These features are interpreted to be representative of A-style veins 
common porphyry Cu parlance and the nomenclature from Gustafson and Hunt (1975) and 
are similar to A-type veins described in Au-rich porphyry systems worldwide (e.g. Sillitoe, 
1993; Muntean and Einaudi, 2000). 
Potassic alteration and A-style quartz veining is overprinted by sericite (muscovite-illite) 
and  chlorite.  This  alteration  accompanies  and  forms  haloes  to  quartz-pyrite  veins  with 
straight  boundaries.  These  veins  are  interpreted  to  be  D-style  veins  of  the  system  of 
Gustafson and Hunt (1975). While sericite-chlorite alteration is generally confined to vein 
haloes,  white  zones  of  texturally destructive muscovite-illite-pyrite  alteration have been 
observed. No chlorite or magnetite remains in these zones.
Drilling to date at both El Porvenir and Pedrero is preliminary, however significant zones of 
Cu and Au mineralisation have been intersected including 56 meters of 0.84 ppm Au and 
0.34% Cu (Almaden Minerals News Release, June 1, 2005). The best mineralised zones are 
where  there  has  been  no  overprint  of  intense  sericite-pyrite  alteration.  Reflected  light 
studies of this latter alteration have identified small chalcopyrite grains wholly within pyrite 
grains.  The  texture  is  interpreted  to  represent  the  replacement  and  destruction  of 
chalcopyrite by pyrite. In the best zones of Cu and Au mineralisation, finely disseminated 
chalcopyrite and subordinate bornite occur as late-stage infill to quartz veinlets as well as 
disseminated throughout the rock. Chalcopyrite is closely associated
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Figure 5.13. Caballo Blanco Assay Results.  A. Northern Zone: gold grades vs. elevation for samples of 
drill core, 2005 – 2009, red dashed line indicate main population distribution. Based on a dataset of 3,978 
samples.  B. Central Grid Area: Copper-Gold Porphyry Assay Results, Copper (%) vs. Gold (ppm), red line 
shows the 0.5 ratio (copper % / gold ppm), from a dataset of 2,082 samples, 1998-2009See text for 
discussion.
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Table 5.6. Correlation matrix for Porphyry Zone Drill Hole Assay Data, Caballo Blanco. From Holes Drilled in the Potrero and El Porvenir 
porphyry deposits, Central Grid, Caballo Blanco Project. Based on 2,082 samples. For location of drillholes, see Figure 5.9.
Au Ag As Bi Ca Cd Cu Ga Hg Mn Mo Pb S Sb W Zn
Au 1
Ag 0.25 1
As 0.3 0.14 1
Bi 0.25 0.34 0.08 1
Ca -0.09 0.06 0.01 -0.13 1
Cd 0.22 0.36 0.12 0.35 -0.03 1
Cu 0.58 0.09 -0.07 0.19 -0.05 0.13 1
Ga -0.11 -0.04 -0.11 -0.23 0.33 -0.04 -0.08 1
Hg -0.02 0.09 -0.04 -0.1 0.14 0.07 -0.02 0.15 1
Mn 0.06 0.05 0.42 0.03 0.24 0.04 -0.16 0.08 0.04 1
Mo 0.11 0.03 -0.01 0.09 -0.1 0.01 0.27 -0.06 -0.02 -0.09 1
Pb 0.21 0.45 0.07 0.45 -0.02 0.76 0.1 -0.01 0.01 0.03 -0.03 1
S 0.16 0.22 0.29 0.4 0.14 0.21 0.08 -0.27 -0.04 0.1 0.15 0.19 1
Sb 0.12 0.26 0.33 0.33 -0.07 0.22 0.05 -0.1 -0.03 0.04 0.14 0.16 0.25 1
W -0.01 0.79 0 -0.02 0.05 0 -0.01 0.04 0.11 0.01 0 0 0 -0.01 1
Zn 0.25 0.42 0.22 0.39 -0.04 0.78 0.04 -0.05 0.03 0.28 0.01 0.85 0.25 0.26 0.01 1
with  chlorite  and  together  they  form a  late-stage  event  which  crosscuts  earlier  quartz 
(Figures 5.12 E and F). Based on assay data from over 2,000 drill core samples a plot of Cu 
(%) vs. Au (ppm) shows a mean ratio of 0.5 (Figure 5.13 B). A correlation matrix table 
constructed  for  the  same  dataset  (Table  5.6)  shows  that  Cu  and  Au  are  moderately 
correlated (0.58 correlation coefficient).
At El Porvenir  Mo appears to be peripheral  to copper-gold mineralisation as evidenced 
from soil surveys which returned elevated (>10 ppm) Mo that forms a concentric Mo in soil 
anomaly that encloses the Cu-Au mineralisation. A different pattern exists at Pedrero where 
the Cu-Au and Mo geochemical anomalies are more or less coincident. Adjacent to the 
porphyry systems, at slightly higher elevation than where they outcrop, barren pyrophyllite 
alteration has been identified (Figure 5.9).
High sulphidation epithermal mineralisation occurs in the Highway and Northern Zones of 
the property which cover  approximate areas  of  3  by 4 and 5 by 6 km respectively of 
volcanic rocks affected by intense hydrothermal alteration (Figure 5.9). The cores of the 
alteration zones are dominated by various forms of silicification which form prominent 
resistive ridges  (Figures 5.9,  5.11 A,  C).  Broad zones of  argillic  and sulphate  (alunite) 
alteration also occur outward from silica core zones. Within the silica rich cores several 
different  textures  have  been  identified:  (1)  massive  fine-grained  limonite  stained  to 
hematite  rich  chalcedonic  quartz  with  or  without  preserved (replaced)  primary textures 
(Figure 5.11 E); (2) Vuggy silica which is a silicified rock with cavities that sometimes can 
be clearly identified as leached former phenocryst or crystal fragment sites (Figure 5.11 B); 
(3) Granular silica with irregular pits and cavities; and (4) Silica-hematite breccias with 
vuggy to massive silica clasts welded by a silica-limonite to hematite matrix (Figure 5.11 
D).
Hydrothermal mapping of the Northern and Highway zones, conducted by Almaden and 
affiliates and using a Terraspec portable infrared spectrometer,  has identified concentric 
zones of alteration outward from the silica core zones. The most proximal zone is of quartz-
alunite and grades to kaolinite to illite-dominated and finally a chlorite-illite alteration zone. 
At both the Highway and Northern zone, massive chalcedonic silica is observed overlying 
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vuggy and granular silica. At the highest elevations in the northern zone similar chalcedonic 
massive silica has been identified. Rock samples taken of massive and granular silica, from 
both  zones  return low (<100 ppb and often <10 ppb)  but  elevated As and Mo values. 
Samples taken of vuggy silica and silica-hematite breccias have returned the highest Au 
values of the Northern and Highway zones. 
At the time of writing the only silica core zone to be drill tested is the Cerro La Paila zone 
in the eastern portion of the Northern Zone (Figure 5.8). Individual two meter drillcore 
samples of silica-hematite breccia have returned values up to 11 ppm Au. This assay was 
part of the best drill intersection returned to date, 94.5 meters averaging 2.1 ppm Au (Teliz 
et  al.,  2008).  High resistivity anomalies  from induced polarization geophysical  surveys 
indicate that the silica core zones may extend to hundreds of meters depth; at present they 
have only be drill tested to roughly 250 meters below surface. Vuggy and silica-hematite 
breccia zones occur rarely at surface. The Cerro La Paila zone on the western margin of the 
Northern Zone is one of the exceptions. West of Cerro La Paila granular and massive silica 
are dominant. Altered volcanic rocks are only oxidised to shallow depths however the drill 
tested portions (up to 250 meters depth) of the vuggy silica and silica breccia zones are 
entirely oxidised  and no sulphides  remain.  Banded hematite  and goethite  are  common, 
interstitial to the breccia fragments. 
Agr values of >5 ppm are uncommon in the main Au zone at Cerro La Paila but occur in 
places  on its  margins  and above Au bearing zones.  This  distribution suggests  a  poorly 
developed zoning of the Au and Ag, with the latter occupying a distal position relative to 
Au. This is similar to the Pascua-Lama high sulphidation Au deposit in Chile-Argentina 
where high Ag values occur above Au zones and is late-stage relative to Au (Chouinard et  
al., 2005). Mo, As and Bi are also elevated in drillcore samples of the northern zone. As 
correlates well with Au throughout the area drilled. Mo and Bi are most enriched above 
areas of Au mineralisation where Au values are less than 100 ppm. A similar geochemical 
distribution has been described for the Pascua Lama high sulphidation system in Chile-
Argentina (Chouinard et al., 2005) and the Pepe high sulphidation system of the Maricunga 
district Chile (Muntean, 1998). A plot of elevation (AMSL) vs. Au (ppm) using assay data 
from nearly 4,000 drill core samples in Figure 5.13 A, shows that Au values appear to be 
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strongly controlled  with  elevation.  Au  grades  greater  than  0.5  ppm appear  to  be  most 
abundant between 350 and 500 meters AMSL. A correlation matrix table (Table 5.7) for the 
same  dataset  shows  that  Au  is  most  strongly  correlated  with  Sb  (0.38  correlation 
coefficient). Cu correlates most strongly with S (0.33 correlation coefficient). This latter 
relationship is likely to be due to both elements being left subsequent to oxidisation of the 
sulphide zones.
5.3.1.3 Fluid Inclusion Studies
In this study fluid inclusion petrography was carried out on samples taken from quartz-
barite veins and quartz-veining from the Potrero, Porvenir and Los Banos Tetones area of 
the Central Area. Fluid inclusion petrography of quartz-barite veins identified the presence 
of abundant coexisting type II and type III inclusions, indicative of boiling.
Three  varities  of  quartz  have  been  identified  based  on  their  different  fluid  inclusion 
characteristics: (1) stage I quartz has coexisting type II vapour-rich and type III hypersaline 
inclusions (Figures 5.12 C and D); (2) stage II banded quartz veins with dark bands rich 
with vapour-rich inclusions (Figure 4.11 B); and (3) stage III quartz-chlorite-sulphide veins 
with coexisting type I NaCl undersaturated inclusions (Reynolds, 1998).
5.3.1.4 Ar-Ar Geochronology
A sample of hydrothermal muscovite was selected from the El Porvenir porphyry which 
returned a plateau age of 9.0  ± 0.1 Ma (Table 5.2;  Appendix D). An age could not be 
determined for samples of alunite from the Northern Zone submitted for Ar-Ar analysis.
5.3.2 Tetela de Oro, Puebla
5.3.2.1 Alteration and Mineralisation
Tetela de Oro prospect has had historic Au production in the 19th Century although the exact 
dates and extent of the mining is unknown. High grade zones were mined historically and a 
local inhabitant informed the author that the mines were very rich with Au
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Table 5.7. Correlation Matrix for Assay Data from the Northern Zone, Caballo Blanco. Based on 3,978 drill core samples. For location of 
drillholes, see Figure 5.9
Au Ag As Bi Cd Cu Fe Ga Hg Mn Mo Pb S Sb W Zn
Au 1.00
Ag 0.15 1.00
As 0.20 0.08 1.00
Bi 0.22 0.07 0.33 1.00
Cd 0.01 0.01 0.00 0.01 1.00
Cu 0.00 0.03 0.05 0.06 0.04 1.00
Fe 0.04 0.02 0.30 0.11 0.13 0.20 1.00
Ga -0.07 -0.02 0.07 0.05 0.17 0.03 0.52 1.00
Hg 0.05 0.06 0.01 0.02 0.28 0.06 0.10 0.15 1.00
Mn -0.02 -0.02 -0.02 -0.01 -0.01 0.04 0.03 0.04 0.00 1.00
Mo 0.05 0.07 0.23 0.10 0.00 0.11 0.08 0.09 0.00 -0.02 1.00
Pb 0.19 0.14 0.39 0.20 0.01 -0.01 0.18 0.12 0.04 -0.02 0.17 1.00
S -0.16 -0.06 -0.09 -0.05 0.16 0.33 0.23 -0.09 0.08 0.15 -0.07 -0.07 1.00
Sb 0.38 0.18 0.55 0.33 0.07 0.06 0.15 0.02 0.05 -0.02 0.18 0.40 -0.14 1.00
W 0.05 0.23 0.03 0.11 0.03 0.35 0.02 0.06 0.01 0.02 0.08 0.04 0.00 0.13 1.00
Zn -0.10 -0.04 -0.06 -0.05 0.27 0.13 0.12 -0.02 0.00 0.39 0.01 -0.06 0.53 -0.09 0.04 1.00
bc
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Figure 5.14. Photos of Low-Sulphidation Alteration and Mineralisation in the TMVB. A. Outcrop of 
breccia, Tetela de Oro. Fragments are silicifed and adularised. Matrix is also silicified. B. Hand specimen 
of opaline silica and friable kaolinite “steam heated” alteration, Tuligtic. C. Hand specimen of opaline 
silica, Tuligtic. D. Outcrop showing location of steam heated alteration (sh) and vein outcrop (v) E. Hand 
specimen of quartz vein with bladed calcite (bc) taken from location shown in D.
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concentrations as high as 30 ppm. The stopes, which are over a meter in width, were too 
dangerous to enter but appeared planar and likely exploited quartz veins. The quartz veins 
have  open space filling textures and crosscut an altered intrusive breccia (Figure 5.14 A). 
The breccia is homolithic, containing angular to subrounded fragments of quartz rhyolite 
that are intensely altered with quartz replacing the matrix and adularia replacing feldspar 
phenocrysts. The breccia body appears to be oval in shape and roughly 500 by 200 meters 
across. The matrix to the breccia is fine-grained and composed of fine-grained quartz and 
lessor pyrite.
During a field visit to the area three representative samples of silicified breccia and quartz 
veined breccia were selected assay analysis returning Au values from 0.32 to 1.82 ppm 
(Table 5.9). Ag (up to 61.1 ppm), As (up to 932), Pb (up to 16900 ppm), Zn (up to 4240 
ppm) and Sb (up to 32 ppm) were also highly elevated but Hg (all less than detection of 1 
ppm) values were low. Quartz veinlets, with open spaces into which terminated quartz have 
grown from veinlet walls, are observed crosscutting breccia material adjacent to the stopes. 
Feldspar phenocrysts were widely replaced by adularia which has generally been replaced 
by later illite. Rhombehdral adularia crytals were also observed in thin sections of quartz 
veins under plane polarised light.
5.3.2.2 Ar-Ar Geochronology
A sample of adularia from the quartz-adularia altered rhyolite breccia returned an Ar-Ar 
plateau age of 4.407 ± 0.062 Ma (Table 5.2; Appendix D).
5.3.3 Caldera, Puebla
The Caldera project  was identified in 2007 during this  research project.  It  is  hosted in 
volcanic rocks along the southeastern flank of the Cerro Grande composite volcano that 
evolved between 11 and 9 Ma. The Cerro Grande volcano has been the subject of recent 
study, including K-Ar dating of whole rock samples, which defined a complex volcanic 
evolution consisting of five major volcanic episodes: (1) The initial Cerro Grande andesite, 
400  m  thick  sequence  of  blocky  andesitic  lava  flows  dated  at  11  ±  0.6  Ma;  (2)  the 
Ixtacamaxtitlan lithic rich ignimbrite sequence; (3) the porphyritic andesite flows of the El 
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Creton andesite dated at 9.7 ± 0.5  Ma; the Cruz de Leon andesite flows dated at 9.0±0.4 
Ma  (Carrasco-Nunez  et  al.,  1997;  Gomez-Tuena  and  Carrrasco-Nunez,  1999;  Gomex-
Tuena et al., 2003). The area of alteration identified in this study is located southeast of the 
interpreted  main  volcanic  vents  of  the  Cerro  Grande  volcano  in  an  area  mapped  by 
Carranso-Nunez  et al. (1997) to be El Creston andesite flows. None of the past research 
describes  the  alteration  zones  of  the  Caldera  prospect.  In  this  study  a  post  mineral 
hornblende dyke (Sample Caldera-WR) was dated using U-Pb geochronological techniques 
at 9.4 ± 0.2 Ma.
5.3.3.1 Alteration and Mineralisation
The property covers ridge-forming silicified and argillic altered volcanic rocks interpreted 
to represent a high sulphidation epithermal system. At lower elevation clay alteration and in 
one locality, banded quartz veins have been identified.
The prospect was identified by the author during field work relating to this study in late 
2007. In 2008 Almaden conducted a program of mapping, rock, soil and stream sediment 
sampling and test IP geophysics. Alteration mapping using a Terraspec portable infrared 
spectrometer  has  confirmed the  presence  of  acid-sulphate  alteration  including  zones  of 
massive, brecciated and locally vuggy silica, quartz-alunite and kaolinite over a more than 8 
by 2 km area.  The quartz-alunite  zones  form linear  silica  ledges  up to  greater  than 50 
meters wide which include resistive ridge forming outcrops (Figure 5.16). Quartz contents 
are highest near the centres of the ledges and grade outward to quartz-alunite and kaolinite 
haloes over 10 to 20 meters (Figure 5.15 C). The silica ledges are commonly brecciated and 
include fragments of vuggy silica and granular silica (Figures 5.15 A, B) . The granular 
silica fragments have a pseudo vuggy silica texture and are interpreted to have formed by 
supergene leaching of alunite (Figure 5.15 D; Hedenquist  et al., 2000). The vuggy silica 
fragments often have late terminated quartz crystals lining the vugs. No Au values over 1 
ppm have been returned to date from rock chip samples taken of silica ledge quartz alunite 
alteration  however  significant  As,  Bi  and  Mo (up  to  5960 ppm)  values  are  present.  A 
correlation coefficient matrix table was constructed for values returned from assays of rock 
chip samples of quartz-alunite alteration of Au and other significant elements (Table 5.8). 
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Figure 5.15. Photos of Alteration and Mineralisation at the Caldera Prospect. A. Outcrop of breccia, 
Tetela de Oro. Fragments are silicifed and adularised. Matrix is also silicified. B. Outcrop of massive to 
vuggy silica, Caldera. These silica zones are highly recessive. C. Outcrop of weathered and oxidised acid 
sulphate alteration, Caldera. D. Hand specimen of granular vuggy silica, Caldera.  
D
Silica - quartz-alunite
alunite
pyrophyllite
kaolinite
Figure 5.16. Map of the Caldera Prospect and Sample Sites. All contacts are inferred. 
Compiled from data gathered from numerous Almaden Minerals exploration campaigns. 
Appendix A contains field slips relating to some of the author's contribution. Appendix B 
contains GPS location and assay data for the soil samples used in making this map.
Outline of areas with soils > 5 ppm 
molybdenum, >2 ppm bismuth and > 5 ppb gold
Outline of area with IP chargeability
Response > 20 ms
Caldera alunite sample
for Ar-Ar age (perro perditio)
Sample Caldera WR
for geochemical analysis and U-Pb age
Table 5.8.  Correlation Matrix  for rock-chip assay results,  Caldera Project,  based on 362 rock samples.  Appendix B contains the GPS 
locations and assay results for the samples used in this table.
Au Ag As Bi Cd Cu Fe Ga Hg Mn Mo Pb S Sb W Zn
Au 1
Ag 0.03 1
As 0.14 0.09 1
Bi 0.03 0.02 0.24 1
Cd -0.01 0.57 0.04 0.1 1
Cu 0.09 0.15 0.32 0.16 0.21 1
Fe 0.07 0.22 0.45 0.15 0.18 0.52 1
Ga 0.08 0.5 0.24 0.13 0.69 0.39 0.36 1
Hg 0.05 0.25 0.03 0.11 0.34 0.1 0.14 0.3 1
Mn -0.09 0.02 -0.07 -0.06 0.01 0 0.02 0.1 -0.01 1
Mo 0.14 0.02 0.05 0.19 0.05 0.07 0.03 0.05 0.03 -0.04 1
Pb 0.14 0.26 0.29 0.13 0.06 0.22 0.25 0.16 0 -0.07 0.05 1
S -0.09 -0.1 0 -0.02 0.07 0.21 0.02 -0.02 -0.05 0.12 -0.03 0.05 1
Sb 0.15 0.11 0.4 0.21 0.11 0.04 0.2 0.12 0.15 -0.04 0.09 0.12 -0.07 1
W 0.01 0.64 0.05 0.1 0.86 0.17 0.16 0.75 0.41 -0.01 0.03 0.04 -0.12 0.14 1
Zn -0.14 0.14 0.02 -0.04 0.22 0.18 0.14 0.18 -0.01 0.7 -0.02 -0.02 0.26 0 0.06 1
Au correlates best with As, Sb, Pb and Mo. Appendix B contains the GPS location and 
assay data for the samples used.
The alteration zone is underlain by a large (greater than 2 by 6 km) area of greater than 20 
mV/V  chargeability  response  determined  from  a  pole-dipole  induced  polarisation 
geophysical survey conducted by Almaden in 2008 (Figure 5.16). This anomaly is of the 
tenor and size of that  typically associated with Au-rich porphyry systems (e.g.  Sillitoe, 
2000). The metal signature of the Caldera prospect and the presence of silica ledges and 
banded-vein  material  are  all  suggestive  of  a  well  preserved  Au-rich  porphyry  system. 
Beneath  similarly  described  silica  ledges  in  the  Maricunga  district  deep  drilling  has 
identified significant Au and Cu grades in underlying porphyry mineralised zones centred 
within shallow stocks (Muntean, 1998).
5.3.3.2 Ar-Ar Geochronology
Alunite was separated from a sample of quartz-alunite altered volcanic rock collected from 
Caldera for Ar-Ar geochronology. This returned a plateau age of 8.3 ± 0.1 Ma (Table 5.2; 
Appendix  D).  This  age  agrees  with  the  U-Pb  age  returned  from  the  post  mineral 
hornblende-phyric dyke (Sample Caldera-WR) of  9.4 ± 0.2 Ma.
5.3.4 Tuligtic, Puebla
5.3.4.1 Geological Background
The  Tuligtic  project  was  identified  as  an  exploration  target  during  the  course  of  this 
investigation in 2001 by the author. Past studies of the area include several preliminary 
investigations  on  the  nature  of  mineralisation  in  the  district  (Camprubi  et  al.,  2001; 
Morales-Ramírez et al., 2003; Tritilla et al., 2004). Historic production in the area is largely 
from  volcanic  hosted  kaolinite  rich  hydrothermal  alteration  deposits  that  have  been 
exploited as a source of clay for the local ceramic industry for decades and perhaps longer. 
The  Tuligtic  project  is  underlain  by folded  and  deformed  carbonate  sedimentary rocks 
presumed  to  be  of  Cretaceous  age.  Grey  thin  to  thick  layered  limestone  units  are 
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intercalated with minor calcareous sandstone and shale units and all are intensely folded. 
The sedimentary rocks are intruded by a several plutonic phases comprising a regional and 
pre-mineral granodiorite body to the north which in turn was intruded by a complex multi-
phase diorite to quartz diorite intrusive body. This latter intrusive complex has undergone 
classic porphyry-style potassic and phyllic alteration and veining associated with Cu-Mo-
Au mineralisation. Tritilla  et al. (2004), using Ar-Ar techniques on fresh biotite from the 
pre-mineral granodiorite, reported a total gas age of 20.26 Ma. 
In  this  study  a  U-Pb  determination  for  the  phyllic  altered  main  mineralised  porphyry 
(Principal Porphyry) returned an age of 17.7 ± 0.8 Ma (Table 4.4). Hydrothermal alteration 
minerals from both the porphyry and epithermal mineralisation were dated in this study 
using Ar-Ar techniques the results  of  which are  presented below. The sedimentary and 
plutonic rocks are overlain by two episodes of pyroclastic rocks: (1) intensely to texturally 
destructive argillic and silicic altered lithic-crystal tuffs dated in this study at 8.2 ± 0.7 Ma 
using U-Pb techniques (Table 4.4) and (2) unconsolidated post-mineral fine-grained brown 
ash.
5.3.4.2 Alteration and Mineralisation
Two styles of alteration and mineralisation have been identified in the area:  (1) Cu-Mo 
porphyry-style alteration and mineralisation hosted by diorite and quartz-diorite intrusions; 
(2) Ag-Au low-sulphidation epithermal quartz-bladed calcite veins,  hosted by carbonate 
rocks and spatially associated with overlying volcanic hosted texturally destructive clay 
alteration and replacement silicification. Past investigations of the area have proposed a 
genetic relationship between these two styles of alteration and mineralisation (Camprubi et  
al., 2001; Morales-Ramírez et al., 2003; Tritilla et al., 2004).
Outcropping porphyry-style  alteration  and mineralization  is  observed in  the  bottoms of 
several drainages, where the altered intrusive complex is exposed in erosional windows 
beneath post mineral unconsolidated brown ash deposits (Figures 5.17; 5.18 A, B). Multiple 
late  and  post  mineral  intrusive  phases  have  been  identified  crossing  an early  intensely 
altered and quartz-veined medium-grained feldspar phyric diorite named the Principal 
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Figure 5.17. Map of the Tuligtic Prospect. All contacts are inferred. Generalised geology from 
various Almaden Minerals mapping campaigns. Appendix A contains field slips relating to 
some of the author's contribution to this map.
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Porphyry.  The Principal  porphyry has rare anhedral quartz and hornblende phenocrysts. 
Other  intrusive  types  include  late  and  post  mineral  mafic  dykes  and  an  inter-mineral 
feldspar-quartz phyric diorite.  Late  mineral  mafic dykes  are  fine grained and altered to 
chlorite with accessory pyrite. The altered igneous bodies intrude a Cretaceous package of 
calcareous  mudstones,  siltstones  and  limestones  that  are  unconformably  overlain  by 
tuffaceous volcanic rocks,  in turn overlain by post-mineral  unconsolidated ash deposits. 
Calc-silicate (garnet-clinopyroxene) altered limestone occurs in proximity to the intrusive 
contacts and is crosscut by late quartz-pyrite veins (Figure 5.18 E).
Early biotite alteration of the principal porphyry consists of biotite-orthoclase flooding of 
the  groundmass  (Figures  5.18  B,  5.19  A).  Hornblende  phenocrysts  are  replaced  by 
interpenetrating crystals of amphibole (Figure 5.19 E). Quartz veins associated with early 
alteration  have  irregular  boundaries  and  are  interpreted  to  be  representative  of  A-style 
porphyry veins (Figure 5.18 B; Gustafson and Hunt,  1975).  These are followed by Mo 
veins which are associated with the same wallrock alteration. Chalcopyrite appears late in 
the  early  alteration  sequence.  Late  alteration  is  characterised  by  intense  zones  of 
muscovite-illite-pyrite overprinting earlier quartz-K-feldspar-pyrite ± chalcopyrite veining 
and  replacing  earlier  hydrothermal  orthoclase  and  biotite  (Figure  5.19  B).  Stockwork 
quartz-pyrite crosscuts the A-style veins and is associated with muscovite-illite alteration of 
biotite.  The  quartz-sericite  alteration  can  be  texturally  destructive  resulting  in  a  white 
friable quartz veined and pyrite rich rock (Figure 5.18 C).  Pyrite is  observed replacing 
chalcopyrite and in some instances chalcopyrite remains only as inclusions within late stage 
pyrite grains (Figure 5.19 F). 
The  epithermal  Au-Ag  target  area  is  exposed  roughly  one  km  to  the  south  of  the 
outcropping intrusive (Figure 5.17). It is characterised by friable, texturally destructive clay 
alteration  developed  in  what  is  interpreted  to  have  been  a  fine-grained  volcaniclastic. 
Strataform zones of opaline silicification are associated with this alteration zone (Figures 
5.14 B,C,D).  Terraspec analysis  of  the  argillic  alteration  returned kaolinite,  alunite  and 
cristobalite.  Quartz-bladed  calcite  veins  have  been  identified  outcropping  in  limestone 
roughly  100  meters  beneath  the  exposed  tabular  silica  zones  (Figure  5.14  E).  Initial 
sampling as part of this study of these veins and from float boulders of breccia containing 
157
Figure 5.18. Photos of Porphyry Style Alteration and Mineralisation at the Tuligtic Prospect. A. 
Outcrop in creek of quartz-sericite altered intrusive, Tuligtic. B. Outcrop in creek of A-style quartz veins, 
Tuligtic. C. Hand specimen of quartz-pyrite veining and quartz-pyrite-sericite (muscovite-illite) 
alteration. D. Drill core of early quartz-pyrite-chalcopyrite vein with brown biotite (b) haloes crosscut by 
late quartz-pyrite vein. E. Drill core of brown garnet (g) alteration crosscut by late quartz-pyrite vein.
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Figure 5.19. Photomicrographs of Alteration Mineralogy, Tuligtic Project. A. Potassic alteration: 
biotite (b) replacing groundmass, pyrite rims quartz phenocryst cross cut by vapour-rich fluid inclusions, 
PPL, 100X. B. Sericite(s; high birefringence) – pyrite (p; opaque) replacing the groundmass of the 
Principal Porphyry, XPL, 100X. C. Coexisting vapour-rich (V), and multiphase high salinity inclusions 
(3) quartz vein Principal Porphyry, Sample 3024, PPL, 1000X. D. Vapour-rich “critical type” inclusion in 
quartz phenocryst with solid phase (chalcopyrite?), PPL, 1000X. E. Interlocking amphibole crystals, 
replacing a hornblende phenocryst, PPL, 100X. F. Chalcopyrite (Cp) and bornite (b) inclusions in pyrite 
(P), Reflected light, 100X.
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quartz vein fragments have returned anomalous values in Au and Ag as high as 600 g/t Ag 
and 6.1 g/t Au. Samples of  strataform silicification and altered volcanic rocks taken as part 
of this study have returned anomalous values of Hg, As and Sb, up to 8070 ppm, 710 ppm 
and 112 ppm respectively (Table 5.9).
5.3.4.3 Fluid Inclusion Studies
Fluid inclusion petrography was carried out on eight thin and thick sections. Early stage 
type II vapour-rich inclusions with opaque daughter minerals were observed in potassic 
altered rocks, crosscutting quartz phenocrysts (Figure 5.19 D). They are rare and randomly 
distributed with vapour occupying about 60% of the fluid inclusion volume. Late stage 
coexisting type II and type III inclusions are common throughout all the sections (Figure 
5.19 C). 
In early Mo-rich veins coexisting type II vapour-rich and type III high salinity liquid-rich 
fluid inclusions with halite and opaque daughter products were observed. Late stage type I 
inclusions crosscut earlier fluid inclusion types. 
This  fluid  inclusion  assemblage  is  typical  of  that  of  a  moderate  to  deeply  emplaced 
porphyry environment. Type II inclusions with opaque daughter products are interpreted to 
represent critical type fluids that exsolved directly from a magma as a vapour in contrast 
type II  inclusions that result  from aqueous fluid immiscibility through phase separation 
(Bodnar, 1995). The late stage coexisting type III and type II inclusions are typical of a 
fluid undergoing boiling (Bodnar, 1995).
5.3.4.4 Ar-Ar Geochronology
A sample of altered volcanic from the epithermal zone yielded illite that returned a plateau 
age of 4.3 ± 0.1 Ma.
From the altered porphyry, several sericite analyses yielded disturbed and “hump-shaped” 
spectra suggestive of excess argon and alteration. The most reliable sericite age for Tuligtic 
is the inverse isochron age of 17.8 ± 0.9 Ma (initial  40Ar/36Ar = 252 ± 52, MSWD = 0.7) 
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taken from the high-temperature outgassing steps of a coarse-grained (>2mm) muscovite. 
Although not containing sufficient  39Ar to satisfy the commonly accepted definition of a 
plateau (i.e., 50% of  39Ar released), the same high- temperature steps (steps six through 
nine) also constitute a flat segment of the age spectra yielding a weighted average age of 
17.0 ± 0.4 Ma (24% of 39Ar released), in good agreement with the inverse isochron age. The 
high-temperature outgassing from the large muscovite crystal in this analysis may reflect a 
domain of argon isotopes undisturbed by alteration and weathering that affects analyses of 
the finer-grained sericites.
This new geochronology work shows that a gap in time existed between early (~ 18 Ma) 
porphyry style alteration and mineralisation and much later (~ 4.3 Ma) epithermal alteration 
and mineralisation.
5.3.5 Other TMVB Prospects
The  Tatatila  area  of  historic  Cu-Au skarn  mineralisation  is  associated  with  multiphase 
intrusions  of  diorite  and  quartz-diorites.  These  plutonic  bodies  intrude  Cretaceous 
limestones  and  sedimentary  rocks  which  are  replaced  by  calc-silicate  skarn  zones 
associated with precious and base metals mineralization. Over 20 separate zones of Cu-Au 
mineralized  skarn  have  been  identified  in  this  mineral  district  (Martinez  and Martinez, 
1994).The  calc-silicate  skarn  zones  are  developed  along  intrusive-sediment  contacts. 
Endoskarns developed within the diorite intrusives have also been identified along with 
massive anhydrous magnetite brown-garnet skarn endo and exo skarn zones (Martinez and 
Martinez,  1994).  Cu-Au  mineralisation  is  associated  with  late  stage  quartz-chlorite 
alteration which was observed crosscutting earlier anhydrous alteration. A sericite-chlorite-
pyrite  altered  and quartz-pyrite  stockwork  veined  diorite  intrusive  was  sampled  in  this 
study  (Sample  28-1).  As  reported  in  Chapter  3  the  age  of  this  intrusive  using  U-Pb 
geochronology was determined to be 14.6  ± 0.3  Ma. No type II vapour-rich or type III 
hypersaline inclusions were identified in fluid inclusion petrography of stockwork quartz 
veining of this sample.
East  of  the  Tuligtic  project,  a  Cu  bearing  garnet-magnetite  skarn  zone  was  identified. 
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Historic  workings  could  not  be  entered  however  a  sericite-pyrite  altered  and  quartz 
stockwork veined quartz-diorite was identified and sampled for whole rock major and trace 
element  analysis  (Sample 16-2;  Chapter  4).  Fluid inclusion petrographic study of  these 
quartz veins identified coexisting type III hypersaline and type II vapour-rich inclusions, 
indicating a shallow porphyry environment.
Hydroxyl  anomalies  were  visited  by  the  author  across  the  TMVB  resulting  in  the 
identification of three alteration zones in the central TMVB called La Joya, Picacho and 
San Diego (Figures 1.2, 1.3). The results of U-Pb geochronology, major and trace element 
whole rock analyses for intrusive rocks identified at Picacho and San Diego are described 
in detail  in chapter 3. The investigation of these newly defined prospects is necessarily 
preliminary in nature however,  from their  location,  age and mineralogy these alteration 
zones are highly significant to the metallogenic framework being developed. The Picacho 
and La Joya prospects are located along the Palo Huerfano-La Joya-Zamorano Volcanic 
Complex (PH-LJ-Z) as defined by Mori et al. (2007). The Picacho alteration zone is located 
in the Palo Huerfano volcano while the alteration zone at La Joya is located within its 
namesake volcanic complex (Figure 5.20). 
Valdéz-Moreno et al. (1998) investigated the volcanic stratigraphy of the La Joya volcano 
and  determined  that  volcanic  activity  began  with  ignimbritic  eruptions  followed  by 
andesitic and dacitic lava flows with a reported K-Ar age of 9.9 ± 0.4 Ma. This sequence 
rests on older Lavas of andesitic to dacitic composition dated using K-Ar techniques at 10.6 
± 0.5 Ma (Valdéz-Moreno et al., 1998). The La Jolla prospect and alteration is exposed in 
the  eroded  core  of  the  volcanic  edifice  where  an  intrusive  complex  altered  to  sericite 
(muscovite-illite)  and pyrite  was identified (Figure 5.9).  No significant  zones  of quartz 
veining were identified. No significant metal values were returned for samples from the La 
Joya prospect sent for assay analysis (Table 5.9).
The oldest volcanic products of the Palo Huérfano (PH) Volcano, pyroclastic deposits, are 
overlain by andesite lava flows dated at  12.1 ± 0.6 Ma using K-Ar methods by Pérez-
Venzor et al. (1996). These PH volcanics lie unconformably over the Cerro Colorado dome 
(dated at 16.1 ± 1.7 Ma by Pérez-Venzor et al., 1996) and Allende Andesite (dated at 11.1 ± 
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0.4 Ma by Pérez-Venzor et al., 1996 and 12.4±0.3 Ma by Cerca-Martínez et al., 2000). The 
Picacho prospect covers an area interpreted to represent both shallow and deeper portions 
of a partially eroded high-sulphidation system hosted by andesite flows. Terraspec analysis 
of friable clay altered volcanic rocks at higher elevations of the ridge forming alteration 
zone indicate the presence of kaolinite and alunite. At lower elevations silicified and clay 
altered volcanic rocks, are intruded by a silicified and pyrite-bearing quartz-feldspar dyke. 
U-Pb geochronology determined the age of the dyke to be 10.5 ± 0.5 Ma which is younger 
than the past age determinations of PH volcanic rocks (Chapter 4). No significant zones of 
quartz veining were identified, and no significant metal values were returned for samples 
sent for assay analysis from the La Joya prospect (Table 5.9).
Further  south  at  the  San  Diego  prospect,  acid  sulphate  alteration,  including  coarse 
crystallised  alunite,  was  identified  in  hand  specimen  and  confirmed  using  a  Terraspec 
infrared spectrometer. Residual vuggy silica alteration and massive silicification were also 
identified and form prominent resistive ridges. Pyrite was identified in several of the vuggy 
silica zones. Terraspec infrared spectrometry of the clay rich alteration zones indicate the 
presence of alunite and kaolinite. All samples of vuggy silica taken in this study returned 
Au values below detection (<0.005 ppm; Table 5.9). Assay analysis of vuggy silica samples 
did return anomalous As (up to 84 ppm) and Hg (up to 3.69 ppm; Table 5.9). A chlorite-
epidote altered quartz-diorite was identified at the San Diego prospect. In this study a U-Pb 
age determination of 14.3 ± 0.3 Ma was returned for this intrusive (Chapter 4).
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Figure 5.20. Geology of the Palo Huérfano–La Joya–Zamorano Volcanic Complex. Modified from Mori et al. (2007). Age data from Pasquarè et al.
(1991); Pérez-Venzor et al. (1996); Valdéz-Moreno et al. (1998); Cerca-Martínez et al. (2000); Verma and Carrasco-Núñez (2003). 
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Table 5.9. Assay results for Prospects in the TMVB. All values in ppm unless otherwise stated.
Sample # Location Description Au Ag As Bi Cd Co Cu Fe % Ga Hg Mn Mo Pb S% Sb W Zn
3035 1.82 61.1 932 6 25 4 271 10.05 <10 <1 317 2 16900 >10.0 32 <10 4240
3036 1.56 16.7 202 <2 6.4 2 58 2 <10 <1 44 <1 1045 1.79 5 <10 208
3037 0.32 11.5 138 <2 11.2 2 65 1.83 <10 <1 169 1 2280 1.92 8 <10 1950
3039 0.31 600 692 <2 45.1 4 217 2.93 <10 8 124 4 5820 1.99 134 <10 3060
3040 <0.005 1.2 15 <2 <0.5 1 5 0.28 <10 1 12 1 39 0.03 61 <10 23
3042 0.46 82.4 83 <2 <0.5 4 85 0.86 130 <1 >10000 11 70 0.03 20 <10 71
3043 0.04 12.5 330 2 0.9 3 22 2.33 <10 11 505 3 146 0.2 29 <10 162
3044 0.05 0.8 43 <2 <0.5 1 186 0.85 <10 3 77 2 36 0.17 147 <10 23
3045 0.06 0.5 49 6 0.6 1 8 0.32 10 1 5070 2 9 0.05 672 <10 29
3046 0.14 8.4 176 <2 5.7 115 20 7.72 90 <1 >10000 2 272 1.84 22 <10 6650
3047 0.16 3.9 224 2 <0.5 11 37 3.15 <10 1 146 1 37 3.01 11 <10 49
3142 0.76 1.3 6 6 0.9 4 1855 0.42 <10 <1 180 2 14 0.26 <2 <10 95
3143 Massive magnetite skarn 0.12 10.7 10 <2 9.9 33 447 >15.0 30 <1 1145 1 333 1.47 2 <10 911
3144 Massive magnetite skarn 0.63 12 2 <2 11 870 9030 >15.0 30 <1 162 <1 5 >10.0 <2 <10 181
3145 2.25 6.3 5 <2 4.9 94 4910 >15.0 40 <1 1035 <1 25 9.51 <2 <10 104
3041 0.41 11.2 36 7 3.8 38 20300 9.85 10 <1 806 11 8 0.18 <2 20 331
3960 <0.005 <0.2 <2 3 <0.5 6 9 2.45 10 0.04 218 1 27 1.23 <2 <10 114
3961 <0.005 <0.2 <2 <2 <0.5 3 3 0.77 <10 0.03 34 <1 5 0.17 <2 <10 12
Tetela de Oro
Intrusive breccia, 
adularisation, 
silicification, pyrite
Tetela de Oro
Intrusive breccia, 
adularisation, 
silicification, pyrite
Tetela de Oro
Intrusive breccia, 
adularisation, 
silicification, pyrite
Tuligtic
hydrothermal breccia.. 
Heterolithic, clay altered 
fragments
Tuligtic boulder of sinter
Tuligtic
quartz-calcite veining in 
thinly bedded limeston. 
Manganese stain.
Tuligtic Sinter. Fine banded precipitate textures
Tuligtic silicified mudstone, dark quarz veins
Tuligtic silicified limestone, calcite veins
Tuligtic
silicifie mudstone, 
fragments in grey silica 
matrix. Pyrite, galena, 
sphalerite.
Tuligtic silicified limestone, 10% pyrite
Tatatila
Feldspar porphyry; 
fracture controlled 
chalcopyrite
Tatatila
Tatatila
Tatatila magnetite-cpy skarn
Puebla Skarn garnet endoskarn
La Jolla Silicified + clay altered tuff
La Jolla
Massice silicification, 
brecciated. Fragments of 
clay altered rock.
Table 5.9, Assay results for Prospects in the TMVB Cont. 
Sample # Location Description Au Ag As Bi Cd Co Cu Fe % Ga Hg Mn Mo Pb S% Sb W Zn
3962 <0.005 <0.2 2 2 <0.5 5 5 4.36 <10 0.34 65 1 4 0.14 <2 <10 9
3963 <0.005 <0.2 <2 <2 <0.5 1 3 1.47 <10 0.28 14 1 3 0.15 <2 <10 6
3964 <0.005 <0.2 <2 2 <0.5 9 4 2.86 <10 0.05 45 <1 7 2.91 <2 <10 20
3965 <0.005 <0.2 <2 <2 <0.5 2 2 1.07 <10 0.06 31 <1 2 0.08 <2 <10 8
3968 Calcite vein <0.005 <0.2 <2 <2 <0.5 11 1 0.41 <10 0.07 2490 <1 2 1.4 <2 <10 27
3966 <0.005 <0.2 3 <2 <0.5 8 5 2.65 <10 0.06 64 <1 8 2.38 <2 <10 116
3967 <0.005 <0.2 2 <2 <0.5 1 2 1.48 <10 0.05 31 <1 5 0.78 <2 <10 14
3974 <0.005 <0.2 24 <2 <0.5 <1 7 1.91 <10 1.85 15 2 7 0.02 2 <10 7
3975 <0.005 0.2 84 <2 <0.5 2 10 1.87 <10 3.17 16 5 11 0.17 2 <10 8
3976 <0.005 <0.2 18 <2 <0.5 2 5 1.53 <10 3.69 32 2 4 0.03 <2 <10 6
3977 <0.005 <0.2 32 <2 <0.5 2 6 1.9 <10 0.29 49 1 6 0.1 <2 <10 6
3978 <0.005 <0.2 14 <2 <0.5 14 23 4.07 10 0.09 791 <1 5 0.49 <2 <10 86
3979 <0.005 <0.2 3 3 <0.5 <1 2 0.28 <10 0.52 15 <1 <2 0.02 <2 <10 3
3980 <0.005 <0.2 9 <2 <0.5 <1 1 0.15 <10 0.04 5 <1 <2 <0.01 <2 <10 <2
3981 <0.005 <0.2 5 2 <0.5 <1 1 0.27 <10 0.06 25 <1 <2 0.08 <2 <10 2
La Jolla Breccia with silicified fragments.
La Jolla Silicified rib. Pyrite in clay altered zone
La Jolla Dyke: clay altered + pyrite in arroyo.
La Jolla Silicified volcanic, minor pyrite.
La Jolla
El Picacho Clay altered + silicified intrusive
El Picacho
Silicified boulder in creek. 
Mostly oxidized. Some 
vugs. Vuggy Silica?
san diego
Massive to vuggy silica. 
Oxidised but minor pyrite 
remains
san diego
Massive to vuggy silica. 
Oxidised but minor pyrite 
remains
san diego Vuggy silica + vuggy silica breccia boulder
san diego Vuggy silica + vuggy silica breccia boulder
san diego Hornfelsed, minor py, cpy?
san diego From rock fence: Vuggy silica boulder
san diego From rock fence: Vuggy silica boulder
san diego From rock fence: Vuggy silica boulder
5.4 Intrusion Related Mineralisation South of the TMVB
Hydroxyl responses from ASTER remote sensing were visited in Oaxaca resulting in the 
identification of the Cerro Colorado and Campanario prospects. These prospects along with 
the nearby Cobre Grande Cu-Mo skarn deposit, are located in the Miocene volcanic zone of 
Central Oaxaca as defined by past K-Ar geochronology and mapping (Figure 5.21). The 
first volcanic event of this region is represented by the eruption of basaltic andesites. The 
age of emplacement of these rocks has not been determined but it is generally considered to 
be Paleogene (Ferrusquía-Villafranca,1990; Martinez-Serrano et al., 2008). Overlying these 
rocks are thick sequences of ignimbrites, lava flows, epiclastic and pyroclastic deposits. K-
Ar dates for these sequences indicate that the main magmatic event occurred from 22 to 15 
Ma  (Ferrusquía-Villafranca  et  al.,  1974,  Urrutia-Fucugauchi  and  Ferrusquía-Villafranca 
2001; Ferrusquía-Villafranca, 1990; Ferrusquía-Villafranca 2001; Iriondo et al. 2004).
Samples of altered quartz-diorite intrusive were collected from the Cobre Grande Cu-Au 
skarn system, located southeast of Oaxaca City. A U-Pb age determination of this study of 
the quartz-diorite returned an age of 16.7 ± 0.6 Ma (Sample 23-1; Chapter 4).  The Cobre 
Grande property hosts a skarn deposit with an Inferred Mineral Resource estimate of 49.8 
M tonnes grading 0.50% Cu, 0.04% Mo, 0.22% Zn and 12.9 g/t Ag (Ross and Chamois, 
2008).  The  plutonic  complex  consists  of  quartz  diorite  porphyry dikes  and  sills  which 
intrude thinly bedded black argillite and limestone units interpreted to be Cretaceous in age 
(Jones, 2002). Early biotite and chlorite alteration zones, the latter more distal from the core 
of the intrusion, have been noted (Jones, 2002). Clinopyroxene endoskarn has also been 
described (Ross and Chamois, 2008). These alteration zones are overprinted by late argillic 
alteration.  An  early  prograde  garnet-clinopyroxene  exoskarn  skarn  is  overprinted  by  a 
quartz stockworked, retrograde actinolite-chlorite assemblage (Ross and Chamois, 2008). 
Quartz  stockwork  hosted  Mo  mineralization  is  hosted  by  the  quartz  diorite  rocks  and 
disseminated  and  veinlet  hosted  chalcopyrite  mineralization  is  concentrated  within  the 
transition  zone  between  the  hydrous  and  anhydrous  skarn  (Ross  and  Chamois,  2008). 
Assay analysis of a sample of skarn ore returned elevated Cd (277 ppm) and As (514 ppm) 
values in addition to Cu, Pb, Zn and Ag (Table 5.10).
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The  Cerro  Colorado  prospect  is  located  immediately  adjacent  to  the  Cobre  Grande 
intrusive. At Cerro Colorado a silicified and clay altered intrusive (Sample 3133) crosscuts 
acid-sulphate altered volcanic rocks. A U-Pb age determination of this study returned an 
age of 23.8  ± 0.4 Ma for this intrusive (Table 4.4). Ridge-forming silicification was also 
noted  including  residual  or  vuggy  silica.  Samples  of  vuggy  silica  taken  to  date  have 
returned elevated As (up to 38 ppm) but no significant Au values (Table 5.10). 
The Campanario prospect in centered on a highly altered intrusive breccia. The breccia is 
heterolithic  although  feldspar  porphyry fragments  dominate.  Fragments  of  intergranular 
textured volcanic were also observed (Figure 4.4). The clasts are silicified, clay altered and 
quartz-veined.  Adularia  has  replaced  feldspar  phenocrysts.  The  matrix  of  the  breccia 
consists of quartz and pyrite and the breccia itself is extensively crosscut by a stockwork of 
pyrite-bearing quartz veining. The breccia body has been traced in outcrop to be at least 
150 by 150 m in size however, float of breccia material suggests that the body or bodies of 
breccia  may encompass  a  much  larger area.  Rock  chip  sampling  by  Almaden  and  its 
affiliates returned significant Au grades ranging from 0.007 to 3.59 g/t Au and averaged 
0.41 g/t Au. Arsenic values are also highly elevated, up to over 500 ppm. Fluid inclusion 
petrography of vein samples from Campanario identified coexisting dilute (no daughter 
minerals  present)  liquid  and  vapour-rich  inclusions,  typical  of  a  low-sulphidation 
epithermal environment.
In the southeast portion of Mexico the Sante Fe prospect was visited. It is located in a 
remote,  jungle  covered  and  rugged portion  of  Chiapas  State  (Figure  1.2).  The  earliest 
research  of  the  mineralisation  at  Santa  Fe  is  by  Damon  and  Montesinos  (1978)  who 
described disseminated sulphides in a quartz-diorite stock that intruded carbonate country 
rocks. A K-Ar age determination on biotite from the altered and mineralised stock returned 
2.29 Ma (Damon and Montesinos, 1978). As part of this study, samples were taken at Santa 
Fe for whole rock major and trace element analysis, U-Pb age dating (Chapter 4) and assay 
analysis (Table 5.10). A U-Pb age determination of this study returned an age of 2.08 ± 0.11 
Ma for  the  Santa  Fe quartz  diorite  which agrees  with past  K-Ar work by Damon and 
Montesinos (1978). The historic workings were inspected during a field visit to the Santa 
Fe area. Early wollastonite zones were noted and are observed to be crosscut by late-stage 
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quartz-sulphide veins. Zones of silicified diorite were also noted. Samples of quartz veining 
and silicified diorite (Table 5.10) returned impressive grades of Au, ranging from 0.43 to 
9.1 ppm, in addition to high Cu (up to 7480 ppm), Bi (up to 737 ppm), Ag (223 ppm) and 
Pb (12400 ppm). 
The nearby Ixhuatan intrusion centred mineral district and the Campamento Au deposit is 
hosted by both andesitic volcanics and diorite stocks that intrude the volcanics. The newly 
discovered Campamento deposit  has a measured and indicated resource of 1.04 million 
ounces at an average grade of 1.84 ppm Au (Giroux, 2006) and is characterized by a >5 
ppm Au core enveloped by a lower-grade (>1.0 ppm Au) envelope centered on an argillic 
altered  and  fractured  feldspar  diorite  porphyry  complex  (Miranda-Gasca  et  al.,  2005). 
Miranda-Gasca et al. (2005) report  that the age of igneous activity and alteration has been 
determined  using  K-Ar  and  Ar-Ar  techniques  to  be  2.8  Ma,  however  no  geological 
framework, data or analytical information was made available for this date.
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Table 5.10. Assay Results for Prospects South of the TMVB. Values in ppm unless otherwise stated.
Sample # Location Description Au Ag As Bi Cd Co Cu Fe % Ga Hg Mn Mo Pb S% Sb W Zn
3103 <0.005 0.5 <2 4 <0.5 1 1 0.32 <10 <1 19 1 10 <0.01 <2 <10 22
3104 0.01 0.5 <2 6 <0.5 1 2 0.36 <10 <1 14 1 10 0.01 <2 <10 32
3105 <0.005 1.5 <2 3 <0.5 1 2 0.44 <10 <1 32 2 18 0.01 <2 <10 33
3106 <0.005 <0.2 <2 3 <0.5 1 1 0.31 <10 <1 12 1 6 0.01 <2 <10 13
3107 0.34 117 514 18 277 20 15100 8.74 20 <1 7860 127 3930 0.22 23 <10 42100
3108 <0.005 13.2 4 <2 30.4 3 7170 0.75 <10 <1 322 1 55 <0.01 <2 <10 13600
3111 Santa Fe 1.1 21.6 469 <2 0.7 5 223 1.32 10 2 3970 12 68 1.26 34 <10 104
3112 Santa Fe 9.4 121 2990 184 1.7 9 4640 8.07 <10 4 99 136 12400 0.4 616 10 117
3113 Santa Fe 5.2 223 2690 737 13.1 26 7480 5.06 <10 23 158 465 7570 1.45 1225 <10 1450
3114 Santa Fe 0.43 5 215 14 1.3 1 1545 0.52 <10 1 20 6 420 0.18 71 <10 96
3115 Santa Fe 0.87 46.2 2150 93 1.9 3 5680 1.58 <10 1 45 10 832 0.97 64 <10 101
3128 0.01 0.9 9 <2 <0.5 1 3 0.95 <10 <1 11 3 11 0.03 2 <10 8
3129 0.01 0.2 6 <2 <0.5 1 2 1.58 <10 1 9 1 16 0.35 <2 <10 8
3130 0.01 0.6 32 <2 <0.5 3 5 2.5 <10 <1 13 2 12 1.06 5 <10 12
3131 0.01 <0.2 5 4 <0.5 1 1 0.78 <10 <1 730 1 6 0.02 2 <10 31
3132 0.01 0.3 11 <2 0.6 2 2 2.62 <10 <1 2830 1 5 0.03 4 <10 36
3134 <0.005 <0.2 11 <2 <0.5 <1 2 0.71 <10 <1 33 1 9 0.02 2 <10 8
3135 0.01 <0.2 13 7 1.5 9 4 3.36 <10 <1 818 2 10 0.05 4 <10 44
3136 <0.005 <0.2 38 3 2.3 15 12 8.63 <10 2 779 3 18 0.17 2 <10 75
3137 <0.005 <0.2 25 <2 <0.5 3 1 1.04 <10 <1 46 1 2 0.02 <2 <10 55
3138 0.01 0.4 86 <2 <0.5 48 16 4.56 <10 1 145 3 20 0.02 8 <10 15
Cerro Colorado Vuggy silica with limonite
Cerro Colorado Vuggy silica with limonite
Cerro Colorado Vuggy silica with limonite
Cerro Colorado Vuggy silica with limonite
Cobre Grande Malachite in limonitic garnet bearing skarn
Cobre Grande malachite in altered felsic intrusive
trace malachite in 
wollastonite skarn, 
siliceous
silicified intrusive, minor 
pyrite
silicified intrusive, minor 
pyrite
replacement silicification
quartz vein with 
chalcopyrite, galena
Cerro Colorado Open space quartz vein crossing clay alteration.
Cerro Colorado
clay altered volcaninc, 
minor silicification, 
jarosite
Cerro Colorado Vuggy silica with limonite
Cerro Colorado calcite-barite vein boulder
Cerro Colorado silicified intrusive, minor pyrite
Cerro Colorado intense clay alteration of an intrusive.
Cerro Colorado limonite boulder
Cerro Colorado Limonite boulder, 10-15% boxwork after sulphides.
Cerro Colorado Vuggy silica with limonite
Cerro Colorado clay altered intrusive, jarosite
5.5 Sulphide and Feldspar Lead Isotope Studies
5.5.1 Background
A reconnaissance level investigation of Pb isotopic systematics of Cenozoic intrusive rocks 
and intrusion related sulphide deposits and occurrences in eastern Mexico was undertaken 
as part of this study. Obtaining fresh unaltered igneous feldspar for analysis from many of 
the intrusive bodies in eastern Mexico proved difficult as strong surface weathering and 
hydrothermal  alteration  generally  affect  the  rocks  studied.  In  many  of  the  mineral 
occurrences  examined,  surface  weathering  has  caused  hydrothermal  sulphides  to  be 
completely leached or replaced by limonite. In addition the regional nature of this study 
precluded detailed sampling of each individual prospect.
5.5.2 Lead Isotope Results
Analytical data generated during this study are listed in Table 5.11. The data are portrayed 
graphically in two sets of diagrams. Plots of 208Pb/204Pb vs. 206Pb/204Pb and 207Pb/204Pb 
vs.  206Pb/204Pb are shown in Figure 5.22, and a plot  of  208Pb/206Pb vs.  207Pb/206Pb is 
shown in Figure 5.23. Several sets of Pb isotopic data from other previous studies in eastern 
Mexico and adjacent portions of the U.S. are also included in these figures.  James and 
Henry (1991)  reported  Pb  isotopic  compositions  for  igneous  feldspars  and whole  rock 
samples from a suite of intrusive and volcanic rocks throughout the Cenozoic Trans Pecos 
Igneous Province in western Texas. Most of the analysed samples were from the central and 
northwestern portions of the Trans Pecos (north of the Ouachita Front), and were emplaced 
through and into Laurentian basement. Igneous rock units in the southeastern part of the 
Trans Pecos, however, appear to have been emplaced into the same basement units that 
underlie much of eastern Mexico. Analyses of igneous samples from the southeastern Trans 
Pecos are therefore shown in Figures 5.22 and 5.23, and are colour-coded according to 
known or inferred crystallization age. Two sets of sulphide Pb isotopic data are also shown; 
these  include  several  analyses  from the  Naica  skarn  deposit  in  northern  Mexico  (J.K. 
Mortensen and J.R. Lang, unpublished data), and analyses of a suite of mineral deposit 
throughout central Mexico (from Cumming et al., 1979). Measured 208Pb/206Pb and 
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Table 5.11 Lead Isotope Geochemistry.
Sample # Locality Description Mineral
galena 18.6919 0.0072 0.04 15.5966 0.0089 0.06 38.4573 0.0294 0.08 0.8344 0.0002 0.019 2.0574 0.0008 0.038 
pyrite 18.6640 0.0060 0.03 15.5778 0.0070 0.05 38.3792 0.0246 0.06 0.8346 0.0004 0.042 2.0563 0.0007 0.032 
porphyry chalcopyrite 18.6734 0.0117 0.06 15.5821 0.0118 0.08 38.3926 0.0350 0.09 0.8345 0.0002 0.019 2.0560 0.0008 0.038 
gold porphyry pyrite 18.6305 0.0221 0.12 15.5521 0.0195 0.13 38.3142 0.0520 0.14 0.8348 0.0002 0.021 2.0565 0.0008 0.038 
COAH-15 MC Trend skarn chalcopyrite 18.7035 0.0179 0.10 15.6210 0.0163 0.10 38.5096 0.0450 0.12 0.8352 0.0002 0.022 2.0590 0.0008 0.039 
COAH-19 skarn chalcopyrite 18.6731 0.0304 0.16 15.5983 0.0245 0.16 38.4156 0.0773 0.20 0.8353 0.0005 0.063 2.0573 0.0022 0.105 
COAH-19 skarn chalcopyrite 18.8934 0.0079 0.04 15.5935 0.0081 0.05 38.6583 0.0269 0.07 0.8253 0.0004 0.042 2.0461 0.0007 0.032 
skarn galena 18.8321 0.0072 0.04 15.6675 0.0090 0.06 38.7613 0.0295 0.08 0.8320 0.0002 0.019 2.0583 0.0008 0.038 
skarn chalcopyrite 18.8637 0.0108 0.06 15.6637 0.0096 0.06 38.7544 0.0319 0.08 0.8304 0.0004 0.047 2.0545 0.0008 0.038 
porphyry pyrite 18.7234 0.0102 0.05 15.6085 0.0108 0.07 38.4669 0.0330 0.09 0.8336 0.0002 0.020 2.0545 0.0008 0.039 
Santa Fe Santa Fe quartz vein 18.8789 0.0094 0.05 15.6390 0.0101 0.06 38.7289 0.0323 0.08 0.8284 0.0002 0.022 2.0514 0.0008 0.040 
SC2 San Carlos porphyry pyrite 19.1637 0.0296 0.15 15.4541 0.0237 0.15 38.9205 0.0642 0.17 0.8064 0.0005 0.056 2.0309 0.0007 0.036 
skarn pyrite 18.6382 0.0124 0.07 15.5627 0.0106 0.07 38.3248 0.0369 0.10 0.8350 0.0004 0.044 2.0563 0.0009 0.044 
skarn pyrite 18.6541 0.0129 0.07 15.5572 0.0126 0.08 38.3133 0.0368 0.10 0.8340 0.0002 0.020 2.0539 0.0008 0.039 
M C trend diorite feldspar 18.7437 0.0061 0.03 15.6105 0.0071 0.05 38.6813 0.0249 0.06 0.8328 0.0004 0.042 2.0637 0.0007 0.032 
1171 (2) M C trend diorite feldspar 18.6944 0.0061 0.03 15.5730 0.0070 0.05 38.3409 0.0247 0.06 0.8330 0.0004 0.042 2.0509 0.0007 0.032 
M C trend diorite feldspar 18.7038 0.0061 0.03 15.5754 0.0070 0.05 38.3743 0.0248 0.06 0.8327 0.0004 0.042 2.0517 0.0007 0.032 
feldspar 18.6697 0.0061 0.03 15.6054 0.0070 0.05 38.4659 0.0247 0.06 0.8359 0.0004 0.042 2.0603 0.0007 0.032 
feldspar 18.7368 0.0064 0.03 15.6118 0.0071 0.05 39.2193 0.0256 0.07 0.8332 0.0004 0.043 2.0932 0.0007 0.032 
COAH 15 MC Trend diorite feldspar 18.5848 0.0259 0.14 15.5918 0.0188 0.12 38.3096 0.0629 0.16 0.8390 0.0007 0.088 2.0613 0.0015 0.073 
COAH 17 diorite feldspar 18.7783 0.0067 0.04 15.6247 0.0073 0.05 38.6457 0.0259 0.07 0.8321 0.0004 0.043 2.0580 0.0007 0.034 
COAH-1 feldspar 19.0777 0.0062 0.03 15.6247 0.0070 0.05 38.7320 0.0249 0.06 0.8190 0.0003 0.042 2.0302 0.0007 0.032 
diorite feldspar 18.6222 0.0061 0.03 15.5730 0.0070 0.05 38.3351 0.0247 0.06 0.8363 0.0004 0.042 2.0586 0.0007 0.032 
SC21 San Carlos diorite feldspar 18.6310 0.0068 0.04 15.5860 0.0074 0.05 38.4238 0.0255 0.07 0.8366 0.0004 0.043 2.0624 0.0007 0.032 
SC4 San Carlos diorite feldspar 18.3208 0.0093 0.05 15.5613 0.0092 0.06 38.3487 0.0289 0.08 0.8494 0.0004 0.043 2.0932 0.0007 0.032 
SF-1 Santa Fe diorite feldspar 19.0661 0.0062 0.03 15.6495 0.0071 0.05 38.9101 0.0250 0.06 0.8208 0.0003 0.042 2.0408 0.0007 0.032 
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207Pb/206Pb ratios  are  not  reported  in  the  data  sets  from James and Henry (1991)  and 
Cumming et al. (1979);  only data from this study and from the Naica sulphide study can be 
shown (Figure 5.22). Both the upper crustal growth curves of Stacey and Kramer (1975) 
and Zartman and Doe (1981) are shown on Figures 5.22 and 5.23. The mantle growth curve 
from Zartman and Doe (1981) is also shown for reference on Figure 5.23. The MORB field 
and average Pacific  MORB value of Lucassen  et  al. (2002) is  shown for reference on 
Figure 5.22 Figure 5.22 B also shows the Maya Terrane field (taken from Rogers (2003) 
and fields representing crustal xenoliths of northern Mexico (taken from Cameron  et al., 
1992). 
Lead isotopic data for sulphide minerals have been portrayed graphically on thorogenic and 
uranogenic plots colour coded by style of mineralisation (Figures 5.24 A and B). Porphyry 
style deposits are less radiogenic and show less scatter in these plots than do sulphides from 
skarn and vein mineralisation. Some of the vein and skarn sulphides plot near the porphyry 
samples while others are more radiogenic.
5.5.3 Discussion of Results
Although  the  Pb  isotopic  study  dealt  with  a  relatively  limited  sample  suite,  several 
conclusions can be drawn data:
• Lead isotopic compositions of igneous feldspars analysed in this study plot in a tight 
cluster and show much less scatter than those reported by James and Henry (1993) 
from the  southern  Trans  Pecos  Province.  This  suggests  that  the  eastern  Mexico 
intrusions were derived from a more homogeneous source and/or did not interact to 
a major extent with crustal rocks during emplacement and crystallization.
• Isotopic compositions of both the Trans Pecos igneous rocks and the intrusions in 
eastern Mexico of this study are relatively radiogenic, plotting near the upper crustal 
growth curves and between MORB fields and fields representing crustal rocks of the 
basement  Maya  Terrane  and  crustal  xenoliths  of  northern  Mexico.  This  likely 
indicates that  the mantle  from which these magmas were derived was relatively 
enriched.
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• The sulphide minerals analysed cluster with the bulk of the feldspar Pb analyses. 
Some of the analyses, along with most of those reported by Cumming et al. (1979), 
yield somewhat more radiogenic Pb compositions than most of the intrusions. Most 
of the deposits studied by Cumming et al. (1979) were veins, skarns or replacement 
CRD style. In these deposits a component of wall rock Pb in hydrothermal sulphides 
is not unexpected. The more radiogenic sulphides analysed in the current study are 
also  from wall  rock  replacement  styles  of  mineralization,  including  the  samples 
from Concordia, La Negra and Santa Fe, but most of the sulphide analyses cluster 
with those from feldspar, suggesting that in some of the eastern Mexican deposits 
the metals are entirely magmatic in origin.
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Figure 5.22. Lead Isotope Geochemistry. Plots of A. 208Pb/204Pb vs. 206Pb/204Pb and B. 207Pb/204Pb vs. 206Pb/204Pb 
for igneous feldspars and sulphides from eastern Mexico, with feldspars and/or whole rock analyses of Cenozoic 
igneous rocks from the Trans Pecos Province (from James and Henry, 1991). Trans Pecos samples are colour 
coded by igneous age: blue=40-47 Ma; red=31-40 Ma; green=25-31 Ma; magnenta=20-25 Ma. Growth curves 
of Stacey and Kramers (1975; S&K) and Zartman and Doe (1981; Z&D) are shown. MORB field and average 
pacific MORB from Lucassen et al. 2002. Maya Terrane field from Rogers, 2003. Fields for upper crustal 
xenoliths of northern Mexico from Cameron et al., 1992; OG=orthogneiss xenoliths; PG=paragneiss xenoliths.
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Figure 5.23. Plot of 208Pb/206Pb vs. 207Pb/206Pb for igneous feldspars and sulphides from eastern Mexico. 
Average upper crustal growth curve from Stacey and Kramer (1975; "S&K") and upper crustal and mantle 
growth curves from Zartman and Doe (1981; "Z&D) are shown for reference. Two sigma error ellipses for 
the analyses are smaller than the plotting symbols.
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Figure 5.24. Lead Isotope Geochemistry for Sulphides  A. 208Pb/204Pb vs. 206Pb/204Pb 
B. 207Pb/204Pb vs. 206Pb/204Pb. 1=porphyry, 2=high sulphidation 3=skarn 4=vein
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CHAPTER 6: TIME-SPACE RELATIONSHIPS OF IGNEOUS ACTIVITY AND 
RELATED MINERALISATION IN EASTERN MEXICO
6.1 Summary of Results
6.1.1 Northern Mexico
Two distinct  plutonic  suites  were  identified  in  the  northern  part  of  the  study area:  (1) 
alkaline syenites; and (2) calc-alkaline gabbro to quartz diorites (diorite suite). Both suites 
intrude  the  Laramide  deformed  marine  strata  of  the  Cretaceous  Sierra  Madre  Oriental 
Province.
The suite  (1)  syenitic  rocks have non-arc geochemical  signatures  with minor  to  no Nb 
anomaly and are part of complicated magmatic complexes, often including plutonic rocks 
with exotic alkaline petrology. The unusual petrography of the alkaline intrusions is perhaps 
the reason why they have been the focus of earlier investigations of the plutonic rocks of 
eastern Mexico, resulting in the model of a northwest trending alkalic igneous province 
called the Eastern Alkaline Belt (e.g. Viera-Decida et al., 2009). U-Pb age determinations 
of this study returned a broad range of ages for this suite, from ~ 44 to 25 Ma. This may 
correspond  to  migrating  alkaline  magmatism;  early  44  Ma  magmatism  beginning  in 
northern Mexico to 30 to 25 Ma magmatism farther south. Alkaline syenites and related 
rocks have been dated by past workers and show ages spanning the period 30 to 25 Ma. No 
significant metal mineralisation associated with these alkaline rocks has been identified. 
Any contact metasomatic zones associated with these intrusions are noticeably anhydrous 
mineral  dominated  and  appear  to  lack  a  hydrous  mineral  rich  stage  characteristic  of 
magmatic hydrothermal skarn deposits (Meinert et al., 2003).
The suite (2) plutonic rocks comprise medium grained gabbros to quartz diorites with little 
or no contemporaneous volcanic products. These rocks are calc-alkaline with moderate to 
high  K  contents  and  have  arc  signatures  with  strongly  negative  Nb  anomalies.  These 
plutonic complexes are broadly distributed in a northwest trend from northern Mexico to 
north of the TMVB. Within this overarching trend,  some of the intrusions appear to be 
locally aligned along major east-west oriented subtrends. Given the large spatial area over 
179
which these igneous rocks are distributed, a remarkably consistent age range of ~ 44 to 38 
Ma for this suite is apparent from the new U-Pb age determinations in this study. This age 
range overlaps with the oldest date obtained in this study for suite (1) of  ~ 44 Ma but is 
distinct from and older than the bulk of the age determinations of the alkaline syenites of 
the EAB including the Cerro Picacho (25 Ma this study), Sierra de San Carlos (31.6 to 27.9 
Ma) and the Sierra de Tamaulipas (32.6 to 24 Ma) mountain forming igneous complexes. 
Age  determinations  of  this  study  of  suite  (2)  diorites  from  the  latter  two  magmatic 
complexes, returned the oldest yet dates for each, ~ 38 Ma from San Jose and ~ 40 from 
Cabrito respectively. Clearly multiple igneous events make up these magmatic complexes 
which  have  changed  in  chemistry over  time.  Since  greater  focus  has  been  paid  to  the 
alkaline rocks it has generally been presumed that the more intermediate rocks of the diorite 
suite are products of the same event given their overlap in space with the later alkaline 
magmatism (e.g. Viera-Decida  et al., 2009). The new data presented in this study shows 
that suite (2) diorite bodies are part of an older magmatic event. The overlap in space is 
likely explained by repeated magmatism along long lived zones of crustal weakness. At the 
Sierra Tamaulipas an even later alkaline basaltic eruption occurred at 5 to 1.4 Ma indicating 
that certain localities have been the locus of magmatism over greater than a 35 Ma time 
period.
Mineralisation associated with the diorite intrusives includes important skarn, country rock-
hosted  replacement  Pb-Zn  sulphide  and  porphyry  Cu-Mo-Au  systems.  Fluid  inclusion 
evidence suggests  that  intrusions of  this  suite  exsolved hydrothermal  fluids  at  different 
pressures, perhaps reflecting variations in the depth of emplacement of the intrusive body 
itself  (Figure 6.6).  Some systems have evidence of shallow exsolution of hydrothermal 
fluids  from  magma,  typical  of  that  of  productive  porphyry  systems.  The  shallow 
emplacement of certain mineralising intrusive systems is also evidenced by the explosive 
hydrothermal-intrusive  breccias  such  as  that  of  the  Penasquito  deposit  and  the  dacite-
sulphide breccias of the San Jose zone.
The porphyry systems are centered on composite stocks, sometimes with late quartz-phyric 
phases which also crosscut the mineralisation along with mafic dykes. At the San Jose zone 
the timing of potassic alteration and porphyry mineralisation was determined by dating 
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hydrothermal biotite at 38.2 ± 0.2 Ma, sensibly contemporaneous with the U-Pb zircon age 
returned on the quartz-diorite stock of 37.6 ± 0.7 Ma. Concentric zones of metal enrichment 
are evident in the San Jose area in the Sierra San Carlos including endo and exo Au and Cu 
rich skarn zones and more distal Ag-Pb-Zn sulphide replacement zones. The fluid inclusion 
petrography in this study records an interpreted complex history of a deep porphyry system 
overprinted with a late hydrostatic pulse.
The same metal  zonation is noted at the roughly contemporaneous Concepcion del Oro 
mineral district. At Concepcion del Oro, multiple mineralised stocks have been dated by 
past workers using K-Ar techniques at ~ 40 Ma. In this study a U-Pb age determination of 
43 ± 0.3 Ma was returned from an altered stock crosscut by quartz veins. Fluid inclusion 
petrography  indicates  an  environment  typical  of  that  expected  in  a  shallow  porphyry 
environment.
Stockwork quartz veining was observed at the Conception del Oro, San Carlos, Concordia 
and  Cabrito  stocks.  The  mineralisation  at  each  of  these  localities  shows  remarkable 
similarities; early garnet and magnetite rich skarn are cross cut by late chlorite ± quartz ± 
pyrite ± chalcopyrite veining carrying Cu and Au grades. The exception is the Concordia 
stock where early quartz veining is crosscut by late sphalerite-galena-chalcopyrite veins. 
Fluid inclusion evidence of a porphyry system was noted at all these systems. While more 
thorough fluid inclusion petrography would better characterise these systems it is clear that 
not  all  skarn  mineralisation  is  associated  with  porphyry  fluids.  Some  of  the  fluids 
responsible for skarn mineralisation clearly exsolved in a higher pressure environment that 
is  common  for  porphyry  systems.  This  is  the  case  for  the  Los  Angeles  and  Saltillito 
prospects (Figure 6.6 A). At San Carlos there is evidence of considerable fluctuation in 
pressure recorded in fluid inclusions with early CO2-rich hypersaline inclusions crosscut by 
late chlorite-chalcopyrite veins with small numbers of coexisting type II vapour-rich and 
type III hypersaline inclusions (Figure 6.6 B).
The skarn bodies of the intrusive centered systems examined typically are composed of 
early  endo  and  exo  prograde  phases  of  red  to  green  garnet,  magnetite  and  sometimes 
diopside  followed  by  retrograde  diopside  chlorite  -  pyrite  -  carbonate  ±  amphibole  ± 
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chalcopyrite. Au and Cu values are very low in the early prograde event but elevated in the 
late stage retrograde event as evidenced by the sulphide contents. The retrograde event did 
not effect all skarn zones and in some cases only early magnetite-garnet skarn is observed.
From  the  whole  rock  geochemical  data,  rocks  from  the  CDOSC  trend,  including 
Concepcion del Oro and San Carlos, have elevated Sr/Y and La/Yb ratios. None of the 
rocks from the MC trend returned such geochemical signatures (Figures 6.1, 6.2).
At the La Negra skarn and replacement deposit the altered diorite to quartz diorite intrusion 
upon which the mineralisation is centered is altered but not stockwork veined to any extent 
and evidence of a porphyry system is lacking. This is not uncommon in many of the great 
carbonate replacement and skarn polymetallic deposits of central Mexico (Megaw  et al., 
1988). There is considerable overlap between intrusion-related high temperature carbonate 
replacement (CRD) Ag-Pb-Zn and skarn deposits in central Mexico where there are world-
class deposits ranging from Cu-rich endo and exo skarn ores to massive sulphide carbonate 
replacement deposits distal to intrusions. In some cases related intrusions have yet to be 
identified  and  are  inferred  from  geophysics  (Megaw  et  al.,  1988).  The  ages  of  these 
deposits and related intrusions remain poorly understood. Some recent age determinations 
are  markedly  different  from those  of  past  investigations  or  those  based  on  geological 
interpretation.  For  example the Zimapan-La Negra district  has been thought  of  as Late 
Miocene (Megaw et al., 1988) but new K-Ar determinations returned ages of 40 to 38 Ma 
for the intrusions of these districts (Vasallo et al., 2002).  This age relates well to the U-Pb 
age determination of this study of 42.8 ± 0.4 Ma for the nearby Concordia stock. While a 
wide  range  of  ages  has  been  returned  for  intrusions  associated  with  CRD  and  skarn 
mineralisation in central Mexico, modern radiogenic age dating will no doubt continue to 
elucidate the age of mineralisation of this trend.
6.1.2 The TMVB  
Within  the  TMVB  a  number  of  intrusion  related  districts  were  examined.  Age 
determinations  of  this  study  show  that  magmatic  activity  and  related  mineralisation 
occurred over a considerable time period from ~18 Ma for the Tuligtic porphyry Cu-Mo 
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mineralisation to  ~  4.3 Ma for the low-sulphidation epithermal Au-Ag mineralisation at 
Tetela  de  Oro.  Age  determinations  of  this  study  have  defined  the  age  range  of  ~  18 
(Tuligtic) to  ~  9 Ma (Caballo Blanco) for porphyry mineralisation of the TMVB. Other 
TMVB intrusion centered districts associated with skarn mineralisation such as the Tatatila 
district (14.6 ± 0.3 Ma, this study) also fall within this age range. Rocks from both Tuligtic 
and Caballo Blanco have high Sr/Y and La/Yb ratios. The highest Sr/Y and La/Yb ratios 
identified in this study were of rocks from Caballo Blanco (Figure 6.1).
The  age of  intrusion and porphyry mineralisation  at  Tuligtic  is  unique for  this  type of 
mineralisation in  Mexico.  The style,  mineralogy and fluid inclusion petrography of the 
Tuligtic Cu-Mo porphyry are all consistent with that of a porphyry intrusion emplaced at 
intermediate depths (Beane and Bodnar, 1995; Figure 6.6 B).  Located within a km of the 
porphyry mineralisation  at  Tuligtic,  paleo-hotspring sinter  deposits  and spatially related 
steam heated alteration and low-sulphidation epithermal quartz-calcite veining have been 
presumed to be temporally associated with Cu-Au mineralisation  (Camprubi  et al., 2001; 
Tritilla  et al., 2004). Age determinations of this study using U-Pb and Ar-Ar techniques 
show otherwise, returning an age of emplacement of 8.2 ± 0.7 Ma for the altered volcanic 
and 4.3 ± 0.1 for hydrothermal illite of the low-sulphidation system. This latter  age of 
mineralisation  is  similar  to  that  determined  in  this  study  using  Ar-Ar  techniques  for 
hydrothermal  adularia  from the Tetela  de  Oro low sulphidation epithermal  vein system 
(4.407 ± 0.062).
Along the TMVB, from the east coast of Mexico at the Caballo Blanco prospect to the San 
Diego prospect in the central portion of the TMVB, a series of silica ledge forming high-
sulphidation epithermal systems was identified. The age of high sulphidation alteration and 
related intrusive activity is interpreted to be similar along this trend ranging from ~ 14.3 Ma 
for a propylitically altered intrusion at San Diego to ~ 8 Ma for alunite at Caldera. Age 
dating of alunite proved difficult but altered and mineralised intrusions at Caballo Blanco 
(~ 8.7 Ma) and Picacho, Guanajuato (10.5 Ma) suggest that the hydrothermal systems may 
have formed in a very short period of time across over a considerable distance of greater 
than 400 km although evidence of Au deposition is lacking in the Picacho, La Joya and San 
Diego systems of Guanajuato – Queretero. High sulphidation mineralisation identified in 
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the TMVB is generally hosted by volcanic rocks although subvolcanic intrusions may be 
host rocks in the northern zone at Caballo Blanco. The alteration zones are dominated by 
argillic alteration cored by silica ledges made up of quartz-alunite and quartz dominant 
zones.  Several  different  styles  of  quartz  dominant  alteration  have  been  identified:  (1) 
massive  chalcedonic  replacement  silicification  with  preserved  volcanic  textures;  (2) 
massive silicification with a sucrosic texture of interlocking quartz grains; (3) vuggy silica 
in which the original texture is apparent from former phenocryst or crystal fragment sites 
only the outlines of which remain and have been leached away; and (4) silica-hematite 
breccias that have fragments of vuggy and massive silica. Massive silicification can return 
anomalous values of As and Au but is generally barren. 
The best studied of these systems was the Caballo Blanco prospect where porphyry Cu-Au, 
porphyry Au, high-sulphidation Au and low-sulphidation Au-Ag mineralisation have been 
identified.  Radiometric  age  determinations  (this  study)  and  crosscutting  relationships 
indicate that these various styles of mineralisation are all roughly synchronous with the 
intrusion of diorite to quartz diorite stocks associated with porphyry mineralisation. Four 
stages of porphyry style alteration were identified: (1) early Quartz – K-feldspar – biotite - 
amphibole veining and alteration within and immediately adjacent to the porphyry stocks; 
(2)  banded  quartz  with  type  II  (vapour  rich)  fluid  inclusion  rich  bands;  (3)  chlorite-
chalcopyrite-bornite-magnetite veins; and (4) late sericite – pyrite -quartz alteration. Where 
the latter alteration is most intense Cu and Au grades are lower. This type of fluid inclusion 
signature  is  indicative  of  shallow  porphyry  systems  that  have  undergone  early  phase 
separation (Morgan et al., 2006; Figure 6.6 C). The intermediate stage 2 vapour-rich fluid 
inclusion  dominated  quartz  has  been  identified  at  Au-rich  porphyry  deposits  in  the 
Maricunga district (Muntean and Einaudi, 2000; Muntean and Einaudi, 2001). In fact these 
workers report a similar progression of alteration mineralogy and related fluid inclusions 
through time and space with early A-style style quartz-magnetite-chalcopyrite  crosscut by 
late banded quartz veins whose bands are composed of abundant type-II vapour-rich fluid 
inclusions and micrometer-sized grains of magnetite (Muntean and Einaudi, 2000). 
A U-Pb age determination of this study of 14.6 ± 0.3 Ma was returned for a diorite at the 
Tatatila  (Las  Minas)  intrusion  centred  copper-gold  skarn  prospect  located  at  the 
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northeastern edge of the TMVB. Fluid inclusion evidence of a porphyry environment was 
lacking in the fluid inclusions petrographically examined in this study. Nevertheless the age 
and location of the plutonic rocks of this and the other prospects of the TMVB examined in 
this  study  are  an  indication  of  the  complexity  of  spatial  and  temporal  controls  on 
mineralisation in this part of Mexico.
6.1.3 South of the TMVB  
Four  prospects  were  examined  south  of  the  TMVB  in  this  study  including  three, 
Campanario, Cobre Grande and Cerro Colorado, located in an area of Miocene volcanismin 
central Oaxaca. U-Pb age determinations of  this study of 16.7 ± 0.6 Ma and  23.8 ± 0.4 Ma 
were returned from Cobre Grande and Cerro Colorado respectively. The range in age is a 
surprise given the close proximity of these showings to one another. Different styles of 
mineralisation  were  identified  at  each  prospect.  At  Cobre  Grande  Cu  skarn  zones  are 
associated with garnet zones and crosscut by quartz veins indicating the presence of dilute 
epithermal fluids. Vuggy silica and acid sulphate alteration were spatially associated with 
the  altered  intrusive  sampled  at  Cerro  Colorado.  Samples  from  Cobre  Grande  and 
Campanario returned high La/Yb values (Figure 6.2).
In Oaxaca the Santa Fe Cu-Au skarn system was examined. Quartz-sulphide vein zones 
crosscut calc-alkaline diorite to quartz diorite intrusive bodies that were emplaced at 2.08 ± 
0.11 Ma as determined by U-Pb geochronology of this study which agrees well with past K-
Ar dating.
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6.2 Discussion of Results
6.2.1 High-K and Adakitic Rocks, Tectonic Regimes and Cu-Au Deposits: A Review
High-K rocks have long been recognised to be associated with Cu-Au porphyries and Au-
rich epithermal deposits (Muller and Groves, 1995; Richards, 1995; Poliquin, 1996; Jenson 
and Barton,  2000). In general the high-K rocks associated with mineralisation are calc-
alkaline arc related magmatic rocks as opposed to alkaline rocks with non-arc affinities 
(Jenson and  Barton,  2000).  A variety  of  tectonic  environments  have  been  proposed  to 
explain the high-K affinities of these rocks including arc-reversal  (Solomon,  1990) and 
post-collisional arc (Muller, 1997; Richards, 2009). It should be noted that although the 
rocks analysed in this study are least altered wherever possible, K-metasomatism, in the 
form of groundmass replacement of K-feldspar for example, can be difficult to distinguish 
from igneous K-feldspar potentially biasing results through alteration “contamination” and 
post emplacement K enrichment. Nevertheless rocks of the MC and COSC trends as well as 
those of the TMVB show high-K to shoshonitic levels of K2O (Figure 4.5 B).
Whole rock and trace element geochemical analysis of this study shows that some intrusive 
rocks of the TMVB, MC and COSC associated with porphyry and related mineralisation 
have adakitic geochemical signatures (Figures 6.1, 6.2). Adakites are magmatic rocks with 
the following geochemical and isotopic characteristics: SiO2 ≥56 wt percent, Al2O3 ≥15 wt 
percent, MgO normally <3 wt percent, Mg number ≈0.5, Sr ≥400 ppm, Y ≤18 ppm, Yb ≤1.9 
ppm, Ni ≥20 ppm, Cr ≥30 ppm, Sr/Y ≥20, La/Yb ≥20, and 87Sr/86Sr ≤0.7045 (Richards and 
Kerrich, 2007). Rocks with such compositions have been interpreted to be the products of 
hybridization  of  felsic  partial  melts  from subducting  oceanic  crust  with  asthenospheric 
peridotite contaminated by slab melts (e.g. Defant and Drummond, 1993; Castillo  et al., 
1999).
The term adakite has only recently become a buzzword in the economic geology literature 
(Richards  and  Kerrich,  2007).  The  first  suggestion  that  adakites  might  be  related  to 
porphyry mineralization was made by Thiéblemont et al. (1997). Oyarzun et al. (2001) later 
suggested  that  adakites  were  uniquely responsible  for  the  formation  of  giant  porphyry 
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deposits in northern Chile because of their inferred high sulfur and water contents and high 
oxidation states derived from the subducting slab through partial  melting.  A number of 
deposits  worldwide  have  now been recognised  to  be associated  with  rocks  having  this 
geochemical signature including the 64.7 to 63.3 Ma intrusive at Mezcala in southwestern 
Mexico (Gonzalez-Partida  et al., 2003) which is associated with Au-Cu skarn orebodies 
(e.g. Richards and Kerrich, 2007). 
The designation of such geochemistry as slab melt derived and adakitic is relatively new, as 
a relationship between porphyry deposits and magmas with fractionated REE patterns and 
low Y concentrations has long been known (Richards and Kerrich,  2007).  Baldwin and 
Pearce (1982) and López (1982) have described large negative anomalies for Y, Mn, Th, 
and  HREE for  mineralised  intrusions  relative  to  barren  plutons  in  northern  Chile  and 
suggest that the differences are due to partial melting processes or fractional crystallization 
of hornblende, titanite, and/or garnet from hydrous magmas. Maksaev and Zentilli (1994), 
Cornejo  et al. (1997), Ossandón and Zentilli (1997), Lang and Titley (1998), Kay  et al. 
(1999), Kay and Mpodozis (2001), and Richards et al. (2001) also noted HREE depletion in 
porphyry-related  intrusions  and  attributed  this  to  amphibole  and/or  deep-crustal  garnet 
fractionation.  These  finding  have  led  some  investigators  to  dissent  from the  proposed 
adakitic association with porphyry Cu deposits and suggest that key adakitic geochemical 
signatures, such as low Y and Yb concentrations and high Sr/Y and La/Yb ratios, can be 
generated  in  normal  asthenosphere-derived  tholeiitic  to  calc-alkaline  arc  magmas  by 
common upper  plate  crustal  interaction  and  crystal  fractionation  processes  that  do  not 
require  slab  melting  (e.g.  Kay  et  al. 2005;  Richards  and Kerrich,  2007).  Richards  and 
Kerrich  (2007)  do  however  concede  that  it  may be  impossible  to  prove  or  disprove  a 
contribution of slab melts to asthenosphere-derived arc magmas and that a unique role for 
slab melts in the formation of porphyry Cu deposits is unproven. In either case rocks with 
adakitic  signatures,  regardless  of  origin,  are  associated  with  Cu-Au  porphyry  deposits 
worldwide (e.g. Richards and Kerrich, 2007).
At  many  porphyry  deposits  for  which  the  corresponding  igneous  rocks  have  adakitic 
signatures a high-K chemistry is  also recognised (Richards, 2009). The overlap of high 
Sr/Y, La/Yb and K may therefore help pinpoint common factors of magma genesis and 
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Richards and Kerrich (2007) showing fields for adakite and island-arc andesite-dacite-rhyolite  lavas. 1= 
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explain  the  often  high-Au  contents  of  porphyry  and  epithermal  deposits  sharing  these 
geochemical characteristics (e.g. Richards, 2005; Richards and Kerrich, 2007).
Mungall (2002) and Sun et al. (2004) propose that the generation of large Cu-Au deposits 
depends in part upon the availability of the chalcophile elements to arc magmas in their 
mantle source regions. Mungall (2002) proposes that the removal of chalcophile elements 
from the mantle  wedge into arc magmas can only occur  if  sulphide is  absent from the 
melted source rock, requiring oxidation of the mantle wedge. The only agent capable of 
effecting  this  change is  ferric  iron,  carried  in  solution  by slab-derived  partial melts  or 
supercritical fluids (Mungall, 2002; Richards, 2009). Chalcophile and siderophile elements 
such as Cu, Ni, Au, and PGE have been shown to partition strongly into sulfide phases 
relative to silicate melts (Peach et al., 1990; Richards, 2009). Richards (2009) suggests that 
small amounts of sulphide development in the melt will not affect copper concentrations 
significantly compared to that of Au, Ni and other siderophile elements simply because of 
the greater overall abundance (tens to hundreds of parts per million) of Cu relative to these 
elements which will be depleted in the magma and stripped away into a sulphide phase 
enriched in these elements (Campbell and Naldrett, 1979). Relatively unoxidised magmas 
that  have  undergone  this  process  will  tend  to  produce  low Au porphyries  and will  be 
generated early in  the development of a volcanic arc (Mungall,  2002; Richards,  2009). 
Richards  (2009)  has  suggested  that  the  siderophile-enriched  sulphides  resulting  from 
sulphide fractionation in an unoxidised magma may then form a Au-rich residue in the 
crust. If this hydrous residue is subjected to a second stage of melting, gold-rich residual 
sulfide phases may redissolve to generate magmas with relatively high Au/Cu ratios that 
have the potential to form porphyry Cu-Au and epithermal Au deposits (Richards, 2009).
Mungall  (2002)  proposes  that  a  range  of  tectonic  configurations  in  a  subduction 
environment can be favourable for the development of oxidised magmas: (1) subduction of 
very young lithosphere; (2) slow or oblique convergence; (3) flat subduction; and (4) the 
cessation  of  subduction.  Once  formed  these  melts  may  require  a  change  to  a  more 
extensional tectonic regime for emplacement to occur (e.g. Richards, 2009).
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For example,  changes in the subduction angle have been shown to be important in the 
development  of  Au-Cu  porphyry  deposits  of  the  Maricunga  district  in  Chile.  The  two 
episodes of high-K quartz-diorite and porphyry-Au-Cu emplacement are associated with 
periods of slab steepening within an otherwise flat slab regime (Kay and Mpodozis, 2001, 
2002).  Similarly  the  change  from flat  slab  to  slightly  steeper  subduction  through  slab 
rollback is  thought to be the cause of ~ 38 Ma high-K magmatism in the central  USA 
including that of the intrusions that formed the giant Cu-Au porphyry at Bingham Canyon 
and  the  shoshonitic  dykes  associated  with  Carlin-trend replacement  Au deposits  in  the 
Great Basin, Nevada (Rykskamp et al., 2008).
In contrast  the giant Yanacocha high-sulfidation Au deposit in Peru is associated with the 
cessation of magmatism in the Peruvian flat-slab segment at ~ 4 Ma (Noble and McKee, 
1999). Sillitoe (2008) has proposed that a change at Yanacocha from dominantly andesitic 
volcanism  to  highly  oxidized,  dacitic  to  rhyolitic  magmas  may  reflect  slab  flattening, 
contraction, and crustal thickening. Similarly the major high-sulphidation Au deposits in the 
El  Indio  belt  (Pascua-Lama,  Veladero,  and  El  Indio-Tambo)  formed  after  andesitic 
volcanism ceased (Sillitoe, 2008). As at Yanacocha, high-sulphidation Au mineralization of 
the  El  Indio  belt  accompanied  volumetrically  minor  silicic  magmatism  in  tectonically 
thickened crust during a period of flat-slab subduction (Kay and Mpodozis, 2001, 2002; 
Bissig et al., 2003).
Tectonic conditions produced in the post collision environment have also been invoked to 
explain the origins of oxidised melts that form Cu-Au deposits. Richards (2009)  suggests 
that a necessary precursor is the formation of siderophile element rich sulphide as described 
above.  These  residues  are  then  incorporated  into  oxidised  magmas  that  form  through 
melting  in  response  to  crustal  thickening  or  the  rise  of  hot  oxidised  asthenosphere, 
contributions  which result  from melting of delaminated continental  lithospehere or post 
subduction extension (Richards, 2009). This latter mechanism is invoked to explain the ~ 
30  Ma post-arc  extension  related  alkaline  magmatism and  associated  Au  deposition  at 
Cripple Creek, Colorado (Richards, 2009).
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6.2.2 The Magmatic Hydrothermal Origin of Ore Fluids: A Review
It has long been established that potassic alteration is related to early magmatic fluids in 
porphyry systems (eg. Sheppard and Gustafson, 1976; Gustafson and Hunt, 1975). More 
recently many workers have concluded that early and late stage fluids in porphyry Cu (Au), 
high sulphidation epithermal Au and Cu (Au) skarn deposits are magmatic in origin (e.g. 
Hedenquist  et  al.,  1998;  Muntean  and Einaudi,  2000,  2001;  Watanabe and Hedenquist, 
2001; Harris and Golding, 2002; Meinert et al., 2003; Chouinard et al., 2005). 
The  first  detailed  documentation  of  synchronous  porphyry  and  high  sulphidation  ore 
formation for which the porphyry fluids and alteration have been shown to be directly 
related to the high sulphidation eptithermal system is that of Hedenquist et al. (1998) on the 
Far South East (FSE) - Lepanto porphyry - epithermal system in the Philippines. These 
workers conducted detailed isotopic and geochronological studies on a largely preserved 
magmatic  hydrothermal  system  where  the  relationships  between  shallow  Au-Cu  high-
sulphidation and underlying porphyry Cu-Au mineralisation could be determined.  Other 
workers have come to similar conclusions (e.g. Muntean and Einaudi 2000, 2001; Harris 
and Golding, 2002). A generalised description of this model follows.
Hydrothermal biotite from the deeper potassic altered porphyry and hypogene alunite in 
overlying  acid  sulphate  alteration  are  contemporaneous  and  preceded  chlorite-sericite 
alteration and Cu-Au mineralisation in both settings. A sharp boundary existed between 
early biotite and alunite alteration. Fluid inclusion petrography confirms this boundary with 
coexisting type III and type II fluid inclusions in potassic alteration at depth and type II 
vapour-rich  only  inclusions  in  acid  sulphate  alteration  above.  The  transition  between 
alteration and fluid inclusion zones  is  interpreted to  be  the paleo lithostatic-hydrostatic 
boundary. Ductile conditions are interpreted to exist below, with the prevalence of A-type 
quartz veins with wavy boundaries. Above the boundary magmatic vapour disassociated 
and disproportionated to form strong acids that leached country rocks along the fluid path 
(White, 1991; Arribas, 1995). The most affected rocks are altered to vuggy silica, a rock 
from which all cations have been leached. Vuggy silica represents central portions of the 
fluid path where flow was greatest and is flanked by zones of progressivley more neutral 
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stable sulphate and clay dominated assemblages reflecting low water/rock ratios and rock 
neutralisation of acid fluids (White, 1991; Arribas, 1995). 
The transition zone or carapace is commonly then shattered by a hydrothermal explosion 
event marked by breccia pipes and resulting in the descent of hydrostatic conditions onto 
the porphyry system. Magmatic fluids then boil and became oversaturated with respect to 
Cu and Au in the hydrostatic environment resulting in the deposition of both, largely along 
existing  vein  boundaries  with  chlorite  and  sericite.  This  phyllic  alteration  event  is 
represented by moderate  salinity type III  inclusions  coexisting with type  II  vapour-rich 
inclusions. These sericite-stable fluids swept through the porphyry system and up into the 
overlying zones of acid sulphate alteration where Au and Cu was also deposited in zones of 
secondary permeability including vuggy silica. Sericite grades upwards to pyrophyllite as 
the later sericite-stable fluids moved into pyrophyllite stability as a result of boiling and 
cooling (Hedenquist et al., 1998). Isotopic work on alteration minerals at FSE-Lepanto by 
Hedenquist et al. (1998) shows that magmatic fluids were dominant throughout the life of 
the  system  however  meteoric  water  incursion  resulted  from  the  shift  to  hydrostatic 
conditions. Progressive cooling of sericite-stable fluids results in higher oxidation states 
and acidity reflected in the generally observed transition from early chalcopyrite to late 
pyrite  stability  during  phyllic  alteration  (eg.  Stefanini  and  Williams-Jones,  1996; 
Hedenquist  et al., 1998). The FSE porphyry is interpreted to have been emplaced at an 
estimated 1,500 meters beneath the paleo surface (Hedenquist et al., 1998). 
The porphyry Cu-Au deposits of the Maricunga district in Chile were emplaced at even 
shallower depths of less than 1,000 meters (Muntean and Einaudi, 2000, 2001). As at FSE, 
in the Maricunga district potassic altered zones A-type porphyry veins and overlying acid 
sulphate alteration were determined to be synchronous (Muntean and Einaudi, 2000, 2001). 
Not all high sulphidation acid-sulphate zones identified in the Maricunga district are Au 
enriched and the bulk of the ore in the district is associated with porphyry veining including 
late  banded  veining,  an  alteration  type  not  identified  at  FSE (Hedenquist  et  al.,  1998; 
Muntean and Einaudi, 2000, 2001). Banded quartz veinlets are interpreted to have formed 
by flashing of magmatic fluids during episodic transitions from lithostatic to hydrostatic 
pressure in a very shallow porphyry system (Muntean and Einaudi, 2001).
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Fluid immiscibility in porphyry systems may occur during the magmatic stage if two fluids 
exsolve directly from the melt but most researchers have concluded that the fluid solvus 
was reached after the magma was solidified (e.g. Audetat et al., 2008). Boiling of a liquid 
and  loss  of  CO2  is  important  in  the  precipitation  of  Au  in  epithermal  system  (e.g. 
Drummond and Ohmoto, 1985) but in porphyry systems fluid immiscibility is reached from 
the  vapour  phase,  rather  than  from  a  parent  liquid,  resulting  in  vapour  and  a  brine 
condensate  (e.g.  Hedenquist  et  al.,  1998;  Audetat  et  al.,  2008).  This  process  of  fluid 
immiscibility  from  vapour  to  vapour  and  brine  condensate  does  not  lead  to  metal 
precipitation (e.g. Audetat  et al.,  2008) but metal fractionation with chlorine-complexed 
elements in the brine and S, Cu, As, Au, in the vapour (Heinrich  et al., 1999; Williams-
Jones and Heinrich, 2005). This process can result in spatial metal zonation such as the 
formation of Au (Cu) high sulphidation deposits above Cu-Au porphyry systems such as as 
Lepanto-FSE (Hedenquist et al., 1998).
The porphyry-high sulphidation epithermal alteration and mineralisation examined in this 
study is interpreted in light of the framework for porphyry and epithermal mineralisation 
presented above.
6.2.3 The Paleogene to Present Tectonic Setting of Magmatism in Mexico
Following accretion of the Guerrero terrane in the Paleocene, a continental volcanic arc was 
established in Mexico related to east dipping subduction of the Farallon and daughter plates 
(e.g. Ferrari et al., 1999; Keppie and Moran-Zenteno, 2005; Ferrari et al., 2007b; Gomez-
Tuena  et al., 2007). In the Late Eocene, magmatism in central Mexico began to migrate 
counterclockwise eventually resulting in the WNW-ESE alignment magmatism from the 
Mid Miocene to Present known as the TMVB (e.g. Ferrari et al., 1999; Figure 6.3).
From the earliest investigations, tectonic reconstructions of the Cenozoic have considered 
the arrival of the Chortis block south of Mexico (Figure 5.3) as having played an integral 
part  in the space time relationships  of magmatism during this  period (e.g.  Mailfait  and 
Dinkleman, 1972; Pindell et al., 1988; Ross and Scotese, 1988; Herrmann et al., 1994; 
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Schaaf et al., 1995; Meschede et al., 1997; Keppie and Morán-Zenteno, 2005 and Keppie et  
al., 2007). 
The most recent model of Keppie and Moran-Zenteno (2005) involves the subduction of the 
Chumbia  and  Tehuantepec  Ridges  in  the  Eocene  and  Middle  Miocene  to  present 
respectively (Figure 6.3). Combined with reconstructions of features in the Pacific Ocean 
this model suggests that during the Eocene, collision of the Chumbia Seamount Ridge with 
the trench resulted in (1) flattening of the subducting slab and accompanying subduction 
erosion and exhumation of the southern Mexican margin; (2) anticlockwise rotation of the 
volcanic arc; and (3) strike-slip faulting in the Sierra Madre del Sur (Keppie and Moran-
Zenteno, 2005). Seismic modeling suggests that a fragment of the Farallon plate remains 
north  of  the TMVB at  a  depth greater  than  400 km, and a  low S-wave velocity layer 
between this and the presently subducting slab represents a slab window (Van der Lee and 
Nolet, 1997; Rogers et al., 2002).
A second part  of the reconstruction by Keppie and Moran-Zenteno (2005) involves  the 
Middle  Miocene  collision  of  the  Tehuantepec  aseismic  ridge  with  the  trench  off 
southwestern Mexico leading to: (1) asymmetric flattening of the subduction zone; (2) an 
anticlockwise rotation of the Mexican magmatic arc to the present location of the TMVB 
by the Middle Miocene; and (3) the development of a volcanic gap in Chiapas from the 
Eocene to Late Miocene which was reestablished as the Chiapanecan Volcanic Arc as the 
Tehuantepec  Ridge  swept  westward  (Keppie  and  Moran-Zenteno,  2005).  An  important 
aspect  of  this  model  is  that  the  Eocene  to  Late  Miocene volcanic  hiatus  in  Chiapas  is 
synchronous with subduction erosion of the southwestern coast of Mexico during the Late 
Oligocene–Middle Miocene as interpreted by Moran-Zenteno et al., (1996).
Both these periods  of  Ridge collision resulted in  synchronous slab steepening and slab 
flattening to the north and south of the ridge respectively (Keppie and Moran-Zenteno, 
2005;  Figure  6.3).  Slab  flattening  resulted  in  extinction  of  magmatism  while  slab 
steepening resulted in flareup of magmatism (Keppie and Moran-Zenteno, 2005). A block 
diagram (Figure 6.4) shows a model for the geometry of synchronous slab flattening and 
steeping during these epochs of Ridge collision.
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Figure 6.4. Block Model for Ridge Collision and Slab Orientation. Modified from Keppie and Moran-Zenteno, 2005.
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respectively.
The Early Miocene magmatism in central Mexico is the first assigned to the TMVB (Ferrari 
et al., 1999). At the same time a flareup of magmatism occurred in central Oaxaca (e.g. 
Moran-Zenteno,  et al. 2007) which Martinez-Serrano  et al. (2008) has suggested might 
have formed a continuous arc spatially connecting with TMVB Miocene magmatism.  Past 
geochemical  investigations  of  rocks  from  both  areas  have  identified  high  Sr/Y ratios 
(Gomez-Tuena  et  al.,  2003;  Mori  et  al.,  2007;  Martinez-Serrano  et  al.,  2008).  Gomez-
Tuena  et al. (2007) identified high Sr/Y ratios from volcanic rocks of the Cerro Grande 
volcano in Puebla and the Palma Sola area of Veracruz; Mori et al. (2007) identified high 
Sr/Y ratios  from samples  taken  from Palo  Huérfano  –  La  Joya  –  Zamorano  Volcanic 
Complex in Guanajuato - Queretero; and Serrano et al. (2008) identified high Sr/Y ratios in 
volcanic rocks from the Miocene volcanic zone in central Oaxaca. 
Remarkably the mineral deposits focused research of this study identified intrusion-related 
mineralisation in all of these areas before any of this other research was published. The 
Caballo Blanco system occurs in the Palma Sola area; the Tuligtic and Caldera prospects 
are located north and within the Cerro Grande volcano respectively; the Picacho and  La 
Joya prospects are located within the Palo Huerfano and La Joya volcanoes respectively; 
the Cobre Grande, Campanario and Cerro Colorado prospects are located in the area of 
Miocene  volcanism  in  central  Oaxaca.  In  this  study  rocks  from  the  Caballo  Blanco, 
Tuligtic,  Cobre  Grande  and  Campanario  were  identified  as  having  adakite-like 
geochemistry  including  high  Sr/Y  and  La/Yb  values.  Also  in  this  study,  mineralised 
intrusions with adakitic affinities were identified in the COSC trend at Concepcion del Oro 
(~ 43 Ma) and San Carlos (~ 38 Ma).
Gomez-Tuena  et al. (2003), Mori  et al. (2007) and Martinez-Serrano  et al. (2008) have 
interpreted the adakite-like geochemical features to be the result of slab melting in a flat 
slab environment. A detailed examination of the geochemistry of volcanic rocks from the 
Palo Huérfano–La Joya–Zamorano Volcanic Complex by Mori et al. (2007) concluded that 
the adakitic signatures were unlikely to be caused by fractional crystallisation or by partial 
melting of a garnet or amphibole bearing lower continental crust but rather by slab melting. 
A possible well studied analogue is the flat slab subduction zone of the central Andes in 
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which significant Au and Cu deposits  formed between the Miocene and present.  In the 
central Andes, where the dip of the subduction zone decreases, the volcanic zone widens to 
more than 200 km, and with time migrates inland from the trench, eventually dying out to 
produce a gap in the magmatic arc (Ramos et al., 2002). The extinction of the arc has been 
related to retreat of the asthenospheric wedge (Ramos et al., 2002). Collision of the Juan 
Fernandez  ridges  with  the  trench  has  resulted  in  extensive  subduction  erosion  of  the 
forearc, which has caused uplift and crustal thickening (Jaillard et al., 2000; Ramos, 2000). 
Kay and Mpodozis (2001) have shown that during periods of crustal thickening fluids for 
mineralisation can be released as hydrous amphibole-bearing mineral assemblages break 
down  to  “dryer”  garnet  bearing  ones.  Tectonic  reconstructions  by  Kay  and  Mpodozis 
(2001) have shown that the Au porphyry deposits of the Mid Miocene are associated with a 
period of initial  slab steepening after  protracted flat  slab subduction.  Kay  et al. (2005) 
report that Sr and Nd isotopic ratios of magmatic rocks of this time are consistent with the 
incorporation of forearc crust into the mantle wedge through subduction erosion. Kay et al. 
(2005)  have  furthermore  shown that  adakitic  signatures  of  magmatic  rocks  may reflect 
crustal  blocks  removed  by  subduction  erosion  and  subjected  to  high-pressure 
metamorphism and partial melting as they were introduced into the mantle wedge. This 
source of adakitic geochemistry was not considered as a possibility in the investigation of 
Mori  et al. (2007) who favour the model of slab melting. However a forearc source for 
crustal material and adakite signatures is more consistent with the interpretation by Moran-
Zenteno et al. (1996) that significant subduction erosion occurred during the Oligocene and 
Miocene in Mexico resulting from the subduction of the Chumbia Ridge.
The  results  of  the  present  study  show  that  adakitic  geochemistry  was  spatially  and 
temporally  widespread  in  Mexico.  Numerical  models  have  shown  that  the  high 
temperatures of flat slab subduction cannot be sustained for long periods of time because 
both  the  subducting  and  overidding  lithospheres  gradually  cool  down (Gutscher  et  al., 
2000; Maury  et al., 2003). As a consequence, during a protracted flat slab scenario, the 
gradual cooling of the subducted slab will progressively hinder slab melting and instead 
favor slab dehydration. It therefore seems unlikely that slab melting can be invoked as a 
mechanism for all of the adakitic geochemistry identified in Mexico especially given that in 
this study such signatures were identified in rocks ranging from ~ 18 (Tuligtic) to 9 Ma 
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(Caballo Blanco) in age. A more likely source for these trace element signatures are crustal 
components entering the mantle wedge during the protracted period of forearc subduction 
erosion as a result of subduction of the Chumbia and Tehuantepec ridges.
The coincidence of adakitic geochemistry and mineralisation is striking and tantalisingly 
suggests that processes involved in creating rocks with this geochemical signature may be 
important to the formation of mineral deposits. It was outside the scope of this investigation 
to  determine  the  extent  and  causes  of  adakitic  geochemistry.  Moreover  the  current 
published  geochemical  database  is  insufficient  for  such  a  study  to  be  made.  It  is 
nevertheless hoped that these new results may prove to be useful towards further addressing 
the origins of adakite geochemistry.
Seismic tomography suggests that a fragment of the subducted Farallon plate exists north of 
the present TMVB at a depth of greater than 400 km and furthermore that a low S-wave 
velocity layer between this and the presently subducting slab reflects the presence of a slab 
window (Van der Lee and Nolet, 1997; Rogers  et al., 2002). Ferrari (2004) explained the 
eastward migrating mafic and often alkaline magmatism in the Late Miocene (11.6–6 Ma) 
to the opening of this slab window. However, the tectonic reconstruction by Keppie and 
Moran-Zenteno (2005) suggests that the detachment took place during or before Earliest 
Oligocene. Furthermore Keppie and Moran-Zenteno (2005) suggest that this detachment 
was preceded by the eruption of the SMO ignimbrites of that timeframe. Such a model is 
similar  to that  of Chapin  et al. (2004) who have shown that ignimbrite flareup in New 
Mexico is contemporaneous with slab roll back and detachment. Similarly Chapin  et al. 
(2004) have interpreted the alkaline magmas of the Trans Pecos to be the result of slab 
rollback of the Farallon plate at ~ 45 Ma allowing asthenospheric mantle into the mantle 
wedge  and  which  heated  the  overlying  continental  mantle  lithosphere  so  generating 
magmas enriched in HFSE (Davis et al. 1993; Davis and Hawkesworth 1995; McMillan et  
al. 2000).  Similar  geochemical  results  from the alkaline syenites sampled in this  study 
suggest  that  this  process  extended  south  into  Mexico  from  44  to  25  Ma.  The  age 
determinations of this study ranging from 44 Ma from the north end of the alkaline trend in 
Mexico to 25 Ma at Cerro Picacho tentatively suggest a younging trend to the south. This 
would  be  consistent  with  southward  developing  slab  rollback  mirroring  the 
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counterclockwise  rotation  of  magmatism  in  response  to  the  oblique  collision  of  the 
Chumbia Ridge.
The eastward migration of mafic magmatism detected by Ferrari et al. (2004) may similarly 
reflect  the  eastward  propagation  of  slab  rollback  in  response  to  migration  of  the  later 
Tehauntepec Ridge (Keppie and Moran-Zenteno, 2005). The eruption of adakite magmas in 
the TMVB immediately precedes the mafic and alkaline volcanism in the TMVB (Ferrari, 
2004). One possible explanation for this sequence of events is that the adakitic magmas 
associated with mineralisation were erupted during the initial  stages of slab steepening. 
Slab steepening likely migrated to the south and east in the Mid Miocene as magmatism 
rotated  counterclockwise  in  response  to  collision  of  the  Tehuantepec  Ridge  with  the 
subduction zone as shown by Keppie and Moran-Zenteno (2005). Such a tectonic setting 
has been proposed to explain the presence of similar Cu-Au porphyry and high sulphidation 
mineralisation in central Andes to that of the TMVB identified in this study (eg. Kay and 
Mpodozis, 2001, Kay et al., 2005). 
Magmatic  hydrothermal  ore  deposits  are  unique  crustal  events  related  to  particular 
geotectonic conditions occurring over a  short  timeframe.  The study of mineral  deposits 
therefore allows for geotectonic environments to be isolated at  pinpoints in time of the 
development of a magmatic arc. The broad study of magmatic products in an arc generally 
does not allow for the focus in space and time that the detailed examination of an ore 
deposit  necessarily  requires.  If  the  tectonic  environment  of  initial  slab  steepening  is 
responsible for the Eocene CDOSC trend and Mid Miocene TMVB adakite-like melts and 
related Cu-Au mineralisation as proposed in this study, then the study of mineral deposits 
will have proven to be an important tool in the tectonic reconstruction of eastern Mexico.
6.2.4 Origin of Eocene Mineralisation in Eastern Mexico
In eastern Mexico, 43 to 38 Ma diorite to quartz diorite intrusions are associated with skarn 
and porphyry systems such as the Concepcion del Oro, San Carlos and Cabrito porphyry 
prospects of this study. The intrusions have domed deformed Cretaceous carbonate country 
rocks  into  which  they intrude  and were  likely  not  associated  with  significant  volcanic 
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products. East-west alignment of intrusions was identified including those of the COSC and 
MC trends. Some of the intrusions are now part of larger plutonic complexes as a result of 
post  mineral  intrusion of  ~ 30 to 25 Ma alkaline rocks,  many of which are syenitic in 
composition.
The age of these porphyry systems (~ 43 to 38 Ma) is comparable to that of the giant ~ 38 
Ma Bingham Canyon Cu-Au porphyry centered mineral district in Utah, USA district.  The 
Bingham  districts  occupy  a  superficially  similar  position  to  the  northeast  Mexican 
intrusions, at the landward extremity of the American Cordillera. Bingham is also centered 
on  high-K  calc-alkaline  porphyry  stocks  that  have  partially  preserved  coeval  volcanic 
edifices (Waite et al., 1997; Sasso and Clark, 1998). Waite et al. (1997) also hypothesized a 
primitive mafic  alkaline contribution to  the Bingham magmas because of their  unusual 
enrichment in Cr, Ni and Ba. Bingham is located along the east-northeast–striking Uinta 
axis which is interpreted to represent the shallow manifestation of an Archean-Proterozoic 
suture zone (Billingsley and Locke, 1941; Ericksen, 1976; Presnell, 1997). Kutina (1991) 
considered the Uinta axis to be part of a mantle-penetrating structure that transgresses the 
entire Cordilleran margin.  Similarly the east-west COSC and MC trends must represent 
deep  crustal  features  which  facilitated  calc-alkaline  magmatism  associated  with 
mineralisation.
The time period of porphyry formation in eastern Mexico as determined in this study (~43 
to  38 Ma) coincides  with the onset  of general  trenchward retreat  of  arc  magmatism in 
Mexico at the beginning of extension in Central Mexico (Damon et al., 1983a; Ferrari  et  
al., 2007b). This was preceded by a long period of gradual slab flattening which began at 
roughly 70 Ma brought about due to higher plate convergence (Damon et al., 1983). Rocks 
of the COSC trend are high-K and have high Sr/Y and La/Yb ratios. Rocks of the MC trend 
are  high-K. The adakite-like geochemistry of these rocks might be the result  of  crustal 
contamination  resulting  from  progressive  partial  melting  in  a  thickened  lower  crust, 
yielding  increasingly Yb-depleted  (high  La/Yb)  and isotopically contaminated  magmas. 
Crustal thickening from Laramide deformation would have been greatest in eastern Mexico 
at the time of COSC magmatism. 
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These magmas likely erupted as a consequence of slab rollback and the onset of extension 
in response to early stages of slab steeping at roughly 40 Ma. Slab steepening in northeast 
Mexico was caused by the Eocene oblique collision of the Chumbia Ridge with the trench 
and was synchronous with slab flattening and the extinction of magmatism in southern 
Mexico and the central and eastern portions of the present TMVB (Keppie and Moran-
Zenteno, 2005). Slab steepening likely occurred in response to the oblique collision of the 
Chumbia Ridge which also resulted in subduction erosion (Moran-Zenteno  et al.,  1996; 
Keppie  and  Moran-Zenteno,  2005).  The  influx  of  hot  oxidising  asthenosphere  into  the 
mantle wedge in response to slab steepening likely resulted in slab dehydration and the 
production of relatively oxidised magmas. This late magmatism may have also tapped Au-
rich residues which had accumulated through the course of normal reduced arc magmatism 
as described by Richards (2009).
It  is  interesting  to  note  in  this  context  that  porphyries  formed  at  earlier  stages  in  the 
Laramide arc's development such as Cananea (~ 60 Ma) and La Caridad (~ 54 Ma)  have 
low Au contents  (Barton  et  al.,  1995;  Valencia-Moreno  et  al.,  2007).  Diorite  to  quartz 
diorite magmatism of eastern Mexico along the MC, COSC trends and at Cabrito formed at 
~ 43 to 38 Ma in response to the initial onset of post-Laramide extension, although end-
stage contraction and basement uplift may still have been active as has been proposed for 
the setting of the contemporaneous Bingham Canyon porphyry system (Dickinson  et al., 
1988).  Some  of  the  intrusions  were  emplaced  at  depths  or  pseudo  depths  such  that 
lithostatic loads prevailed through the life of the hydrothermal system. Early prograde endo 
and exo magnetite-garnet skarns are common in the MC and COSC trends and may or may 
not be crosscut by a late retrograde Cu-Au mineralisation. A lack of retrograde alteration 
likely reflects deep emplacement and a corresponding prevailing lithostatic regime which 
hindered  the  boiling  and cooling  of  magmatic  hydrothermal  fluids  and  resulting  metal 
deposition.
The  43  to  38  Ma diorite  to  quartz  diorite  magmatism was  followed by extension  and 
intrusion  of  alkaline,  HFSE  (Nb,  Y)  enriched,  mantle-derived  magmatic  complexes 
dominated by quartz undersaturated syenite. A similar progression has been noted in the 
Trans Pecos magmatic province, Texas (Nelson et al., 1987) and east of the Colorado rift 
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where  the  giant  Cripple  Creek,  Colorado  formed  contemporaneously  with  alkaline 
magmatism at ~ 30 Ma. Low La/Nb and Zr/Nb ratios of alkaline rocks at Cripple Creek are 
interpreted to be consistent with derivation from a primitive mantle source (Kelly  et al., 
1998 and 2002). Whole rock and trace element results of this study identified a similar 
geochemical signature for alkaline rocks of eastern Mexico, including low La/Nb, Zr/Nb, 
and Sr/Y ratios, reflecting greater HFSE enrichment. These rocks were likely emplaced in 
response to rifting in eastern Mexico resulting from slab rollback and the onset of rotation 
from SMO to TMVB magmatism. Gold deposits similar and contemporaneous to Cripple 
Creek have not been identified in eastern Mexico however.
6.2.5 Origin of Mid Miocene to Pliocene Mineralisation in Eastern Mexico 
The Middle Miocene collision of the Tehuantepec Ridge with the trench off southwestern 
Mexico  led  to  further  flattening  of  the  subduction  zone  in  southern  Mexico  and  slab 
steeping  in  the  TMVB  and  central  Oaxaca.  This  slab  configuration  resulted  in  the 
exinguishment of magmatism and a volcanic gap in Chiapas and Miocene magmatic flareup 
in the TMVB and central Oaxaca. Together this spatial distribution of magmatism appears 
as anticlockwise rotation of the Mexican magmatic arc to the present location of the TMVB 
as the Tehuantepec ridge swept westwards (Keppie and Moran-Zenteno, 2005). Three ages 
of intrusion-related mineralisation have been identified after the Oligocene: (1) ~ 23-14 Ma 
porphyry, skarn and epithermal mineralisation as at Tuligtic, Tatatila, Cobre Grande and 
Cerro Colorado; (2) ~ 11-9 Ma Cu-Au porphyry, Au-porphyry and high and intermediate 
sulphidation mineralisation as at Caballo Blanco, Caldera and Picacho; (3) ~ 4.5 Ma low-
sulphidation epithermal mineralisation as at Tuligtic and Tetela de Oro.
The age of the Tuligtic system is unique relative to the known ages of porphyry systems in 
Mexico  (Barton  et  al.,  1995;  Valencia-Moreno  et  al.,  2007).  Evidence  of  a  high 
sulphidation  deposit  does  not  exist  although  it  may  have  been  eroded  away.  Potassic 
alteration is crosscut by late phyllic alteration which has clearly been copper destructive 
where it is most intense; at surface texturally destructive quartz-sericite-pyrite alteration is 
dominant.  Fluid inclusion evidence suggests that  the porphyry bodies were emplaced at 
moderate to deep depths. Early critical-type fluid inclusions with opaque daughter products 
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(likely to be chalcopyrite)  and about 60% vapour are interpreted to be similar to those 
found throughout the Butte porphyry system (Rusk et al., 2008) and deep in the Bingham 
Canyon  deposit  (Redmond  et  al.,  2005).  The  presence  of  abundant  phyllic  alteration 
suggests  that  the  Tuligitc  porphyry  is  not  deeply  eroded  and  potential  for  copper 
mineralisation still exists beneath the current level of erosion.
The Tuligtic porphyry formed during the early stages of compressive or transpressive east-
west oriented TMVB magmatism during the Early Miocene (Ferrari  et al., 1999; Gomez-
Tuena et al., 2007). Rocks from Tuligtic have moderate to high Sr/Y and La/Yb ratios and 
plot near the adakite boundary (Figures 6.1 and 6.2). This geochemistry could reflect slab 
melting, the result of slab flattening, as proposed for the nearby but later (11-9 Ma) Cerro 
Grande  volcanic  complex  which  hosts  the  Caldera  prospect.  Another  explanation  is 
contamination from forearc crust through subduction erosion in the Oligocene as proposed 
by Kay et al. (2005) in the central Andes. The intrusive rocks at the Tuligtic prospect may 
record the earliest of high La/Yb, Sr/Y, adakite-like contaminated magmas in the TMVB. A 
compressive tectonic regime, subduction and related calc-alkaline magmatism continued 
into the Middle Miocene and was likely to have been accompanied by progressive uplift 
and corresponding erosion. Rapid erosion could explain the deeper levels of exposure of the 
porphyry system and consequent lack of high sulphidation alteration at Tuligtic.
The Cobre Grande and Cerro Colorado intrusions, located in an area of Miocene volcanism 
in central Oaxaca, were emplaced at ~ 17 and  ~ 24 Ma respectively. The age emplacement 
of the Cobre Grande intrusions which hosts Cu skarn zones and Cu-Mo rich stockwork 
mineralisation is similar to that of Tuligtic. The Cobre Grande intrusion also has an adakitic 
geochemical  signature  suggesting  a  northwest  alignment  of  Mid  Miocene  magmatism 
which swept from east to west by 9 Ma when the intrusions at Caldera and Caballo Blanco 
were emplaced. Even further west are the high sulphidation alteration zones at San Diego 
and Picacho Guanajuato. Vuggy silica and breccia zones yield Au values below detection (5 
ppb) and other trace elements are also low. While it  may not yet have been detected at 
present there is no evidence for any late metal-rich pulse of mineralisation. The dyke-like 
morphology (at Caldera), association with dickite, pyrophyllite and diaspore and the bladed 
nature of the alunite argues against a supergene origin for quartz-alunite alteration zones 
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(Hemley et al., 1969). Stable isotope studies of similar alunite occurrences elsewhere have 
shown that alunite forms from magmatic-rich fluids at temperatures greater than 200°C and 
is referred to as hypogene or magmatic-hydrothermal alunite (Rye  et al., 1992; Deyell  et  
al., 2005). 
The Caballo Blanco and Caldera prospects are interpreted to be part of a presently poorly 
defined belt of intrusive centered Au rich porphyry and high sulphidation systems similar in 
setting and style to that of the Maricunga district in central Chile. As at Caballo Blanco the 
Maricunga porphyry intrusions are shallowly emplaced high-K diorites and host A-type 
porphyry  veins  and  associated  Au-Cu  porphyry  mineralisation  as  well  as  later  banded 
quartz  veinlets  associated  with  Au.  Genetically  related  overlying  silica  ledges  or  acid 
sulphate alteration zones are not generally mineralised in the Maricunga district, La Pepa 
being the only silica ledge zone with Au values high enough for Au exploitation (Muntean 
and Einaudi, 2000, 2001).
Based on the results of this  investigation a cartoon time space model for the magmatic 
hydrothermal events at Caballo Blanco and Caldera has been constructed (Figure 6.5). This 
study  indicates  that  early  potassic  alteration  characterised  by  biotite,  orthoclase  and 
amphibole  formed  within  and  immediately  adjacent  to  porphyry  stocks  which  were 
shallowly emplaced at ~ 8.7 Ma under lithostatic loads (Figure 6.5 A). Above the lithostatic 
boundary  magmatic  vapour  disproportionated  to  form  strong  acids  and  quartz  alunite 
alteration  zones  beneath  the  paleowater  table  (Figure  6.5  A).  The  presence  of  massive 
chalcedonic silicification observed overlying the quartz-alunite alteration in the Northern 
and Highway Zones is interpreted to represent the paleo water table of the Caballo Blanco 
high sulphidation system. Such alteration has been similarly interpreted to represent paleo 
water tables in other high sulphidation systems (e.g. Chouinard  et al., 2005). The lack of 
age determinations for alunite at Caballo Blanco hinders reporting the timing of quartz-
alunite  alteration  with  precision  but  a  minimum  age  is  provided  by  an  U-Pb  age 
determination of 7  ± 0.2 Ma for a  post mineral dacite observed overlying quartz-alunite 
alteration.
Early potassic alteration in the porphyry and overlying quartz-alunite alteration was 
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Figure 6.5. Cartoon showing temporal development of the Caballo Blanco and Caldera. Inspired by Muntean and Einaudi (2001) and Hedenquist 
et al. (1998). Elevations above mean sea level (AMSL) for Caballo Blanco. A. Intrusion of diorite, release of critical magmatic vapour, fluid 
immiscibility from vapour side, vapour only above brittle/ductile boundary forming hypogene acid-sulphate alteration, potassic alteration and 
hypersaline fluids below. B. Hydrothermal Brecciation, rapid collapse of brittle-ductile boundary,  metal fractionation (gold to vapour) banded 
veins form. C. Continued fluid immiscibility through phase separation and cooling leads to copper-gold deposition in porphyry (chlorite-
chalcopyrite veins) and in high-sulphidiation system (gold in vuggy silica). D. Continued Collapse of hydrostatic conditions, erosion and formation 
of quartz-sericite-pyrite alteration; copper is dissolved where prolonged exposure to quartz-sericite-pyrite fluids; present surface shown for the 
Northern Zone and Caldera as well as the more deeply eroded Central Grid area.
Figure 6.6. Cartoon Showing the Depth of Emplacement of Intrusions and Related Mineralisation in Eastern Mexico. Relative paleo surfaces and 
present levels of erosion are shown of comparision. A. Deep emplacement of diorite body and release of fluid under lithostatic pressure with 
associated prograde garnet-rich skarn and limited late copper-gold mineralisation. Examples include Los Angeles and Saltillito. B. Emplacement 
of diorite porphyries at moderate depths and exsolution of magmatic hydrothermal fluids under both initial lithostatic and later hydrostatic loads. 
Porphyry and skarn style copper-molybdenum-gold mineralisation is deposited under hydrostatic conditions the onset of which is possibly brought 
about through hydrothermal brecciation. Examples include Tuligtic and San Carlos. C. Shallow (< 1km depth) emplacement of diorite porphyry 
stocks and initial exsolution of magmatic hydrothermal fluids into the single phase gas field resulting in deposition of gold in banded veins. 
Continued exsolution of magmatic hydrothermal fluids results in copper-gold deposition at depth in the porphyry and in vuggy silica zones above. 
Examples include Caballo Blanco and Caldera.
followed by banded quartz veining which formed in response to hydrothermal brecciation 
and  rapid  collapse  of  hydrostatic  pressures  onto  the  porphyry  system  (Figure  6.5  B). 
Hydrothermal breccia bodies such as the Los Banos Tetones may record such a catastrophic 
pressure  release.  Dark  mm  scale  bands  are  made  up  of  abundant  vapour-rich  fluid 
inclusions and hematite. These veins have significant Au contents. 
The  main  mineralising  event  however  is  characterised  by  chlorite-illite-chalcopyrite-
bornite-magnetite veins that clearly overprint earlier quartz-orthoclase-biotite alteration and 
veining and vapour rich fluid inclusion zones in banded veins. This event (Figure 6.5 C) is 
interpreted to represent continued fluid immiscibility and cooling in a hydrostatic regime 
resulting in the deposition of Au and Cu in the porphyry. Mineralising fluids likely swept 
upwards from the porphyry through to zones of vuggy silica and quartz alunite alteration 
where Au and likely Cu-rich sulphides were also deposited upon cooling. Locally quartz 
precipitation in zones of vuggy silica caused healing of formerly vuggy silica zones to form 
more massive silica. Under these now impermeable areas gas heads likely developed which 
upon release resulted in hydrothermal brecciation, rapid cooling and further Au deposition. 
Such mechanisms are invoked for Au precipitation in well studied high sulphidation Au 
deposits worldwide (e.g. Chouinard et al., 2005). At least one Au-rich breccia zone exists at 
Caballo Blanco and the preserved areas of paleo water table alteration may obscure further 
such zones.  Gold values greater  than 1 ppm are most closely associated with zones  of 
vuggy silica and hematite cemented silica breccias however there is a distinct elevation 
control on Au enriched zones which occur in the Cerro La Paila area between 350 and 550 
m AMSL.
Overall the Cu (%) to Au (ppm) ratio of the Caballo Blanco porphyry mineralisation is 0.5. 
A compilation  of  grade  and  paleodepth  information  for  76  porphyry  Cu-Au  deposits 
worldwide by Muntean (1998) shows that only 8 deposits have Cu (%) to Au (ppm) ratios 
under 0.5, indicating that Caballo Blanco belongs to a class of high Au porphyry deposits. 
Depth of emplacement estimates from geology and fluid inclusions for porphyries shows a 
strong correlation with high Cu (%) to Au (ppm) ratios with greater estimated depth of 
emplacement (Muntean, 1998).
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A  shallow  depth  of  emplacement  for  Caballo  Blanco  is  evident  from  geologic 
reconstructions based on the distribution of alteration mineralogy. The massive silification 
at Caballo Blanco crops out at elevations around 700 m AMSL while the porphyries of the 
Central Grid zone crop out at ~ 100 m AMSL. This suggests roughly 600 meters of erosion 
in the Central Grid area (Figure 6.5 D). Such an interpretation is consistent with the low Cu 
(%) to Au (ppm) ratios seen in the Central Grid porphyry systems. Gold porphyry systems 
of the Maricunga district with similarly described alteration including banded veining have 
also been interpreted to have been emplaced at  depths less than one km (Muntean and 
Einaudi, 2000, 2001). 
Overprinting banded veining, Cu-Au mineralisation and early potassic alteration is sericite-
pyrite-quartz vein and replacement alteration (Figure 6.5 D). In some places this alteration 
assemblage has replaced the rock entirely. In these zones of complete sericite-pyrite-quartz 
replacement, Cu and Au grades are significantly reduced. 
The last stage of alteration identified at Caballo Blanco is represented by quartz-barite-
sulphide veins, with textural and fluid inclusions characteristics of dilute low temperature 
fluids of a low sulphidation epithermal origin. This veining likely indicates the incursion of 
late  meteoric  waters  into  the  cooling  magmatic  hydrothermal  system  as  seen  in  the 
Maricunga district (Muntean and Einaudi, 2000, 2001).
At Caldera, located roughly 100 km east of Caballo Blanco, none of the rock-chip samples 
taken to date have returned Au values >1 ppm. Nevertheless, trace element geochemistry of 
soil and rock samples of acid sulphate quartz-alunite and vuggy silica alteration returned 
elevated Au, Bi, Mo, As and Hg. Banded quartz veinlets with type II fluid inclusions similar 
to those at Caballo Blanco were identified in breccia fragments. While vuggy silica zones at 
Caldera  have  returned  only  anomalous  Au  values,  a  Au  porphyry  environment  clearly 
underlies acid sulphate alteration. Acid sulphate alteration formed at roughly the same time 
as that of Caballo Blanco, ~ 8 Ma. Likely contemporaneous Au-porphyry mineralisation is 
probably  associated  with  intrusions  similar  to  the  diorites  that  host  mineralisation  at 
Caballo Blanco although such rocks do not crop out.
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Immediately following the emplacement  of high Sr/Y and La/Yb intrusions and related 
mineralisation at San Diego, Picacho, Caldera and Caballo Blanco there was a sudden shift 
in TMVB magmatism to mafic volcanism (Gomez-Tuena et al., 2007). This event appears 
to have begun at ~ 11 to 9 Ma in the western TMVB, ~ 9 to 7 Ma in the vicinity of La Jolla 
and San Diego and 7.5 to 6.5 Ma in the eastern TMVB (Gomez-Tuena et al., 2007). The 
geochemistry  of  these  mafic  magmas  varies  but  generally  the  rocks  have  a  non-arc 
signature in the Veracruz area near Caballo Blanco. The magmatism is largely represented 
by fissural basaltic flows that form widespread plateaus (eg. Ferrari et al., 2005b). 
By the end of the Miocene, mafic volcanism decreased and was replaced by voluminous 
ignimbrite eruptions that formed calderas located just south of the earlier mafic episode 
(Gomez-Tuena et al., 2007). In the eastern portion of the TMVB, Early Pliocene pyroclastic 
flow deposits (4.9 to 4.5 Ma) occur and are interlayered with basaltic lavas as part of a 
classic bimodal event associated with extensional tectonics. During this time Pliocene low-
sulphidation epithermal  vein systems formed such as at  Tetela  de Oro and Tuligtic.  At 
Tuligtic ~ 8 Ma pyroclastics host low sulphidation quartz-calcite veining and a related and 
well preserved paleo water table alteration including sinters or fossil hotsprings. The sinter 
deposits likely formed in areas of topographic lows where the water table was intersected 
by topography, as at other geothermal systems worldwide (eg. Simmons et al., 2005).
A similar association exists in the basin and range province in Nevada where extensional 
tectonics,  bimodal  volcanism  and  silicic  caldera  forming  ignimbrite  eruptions  are 
temporally and spatially associated with low-sulphidation veins that formed at 16 to 14 Ma 
at the end of a period of rift related volcanism (John, 2001). The same relationship has been 
recognized for the Au-Ag low-sulphidation epithermal veins of the Coromandel Peninsula 
and  the  active  geothermal  systems  in  the  Taupo  Volcanic  Zone,  New  Zealand  where 
extensional  tectonics  and  accompanying  bimodal  volcanism  are  also  spatially  and 
temporally associated with fossil and active geothermal activity respectively (Simmons et  
al., 2005).
By the Late Pliocene magmatism re-emerged in Chiapas as the Tehuantepec Ridge swept 
westwards and the Cu-Au skarn system was formed at Sante Fe.
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6.2.6 Isotopic Constraints on the Source of the Metals and Magmas
Lead isotope studies of sulphides and feldspar minerals of this investigation are preliminary 
but indicate the intrusions studied were derived from a more homogeneous source and/or 
did not interact to a major extent with crustal rocks during emplacement and crystallization. 
The isotopic compositions of these intrusions are relatively radiogenic, perhaps indicating 
that the mantle from which these magmas were derived was relatively enriched. This could 
reflect  a crustal  contamination resulting from subduction erosion.  Although the work is 
reconnaissance in depth and must be considered preliminary, the surprising similarity of Pb 
isotope geochemistry of rocks from the Eocene and Miocene may support the hypothesis 
that the tectonic conditions of initial slab steeping were similar producing similar source 
magmas for these intrusions.
The sulphide minerals  examined have similar Pb isotope geochemistries to those of the 
feldspars analysed although some yield somewhat more radiogenic Pb compositions than 
most  of  the  intrusions.  The  more  radiogenic  sulphides  analysed  are  from  wall  rock 
replacement styles of mineralization, including the samples from Concordia, La Negra and 
Santa Fe, suggesting that wallrock interaction modified the Pb isotope geochemistry of the 
source fluids. Many of the sulphide Pb isotopes plot similarly to those of feldspar from the 
causative intrusions, suggesting that in some of the eastern Mexican deposits the metals are 
entirely magmatic in origin.
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CHAPTER 7: 
A METALLOGENIC AND TECTONIC SYNTHESIS OF EASTERN MEXICO
7.1 The Current Understanding of the Geology and Metallogeny in Eastern Mexico
At present three groups of igneous rocks are considered to exist in eastern Mexico north of 
the TMVB: (1) ignimbrites associated with the eastern portion of the SMO, (2) Cenozoic 
calc-alkaline intrusive rocks equivalent to the SMO, and (3) alkaline intrusive and volcanic 
rocks of the EAB interpreted to have formed as a result of within plate rifting (Sewell, 
1968;  Cantagrel  and  Robin,  1979;  Ferrari  et  al.,  2005b).  The  general  lack  of  age 
determinations  has  hampered  past  investigations  and  prior  to  this  study  the  accepted 
interpretation would include most igneous rocks of eastern Mexico into the EAB. The EAB 
is  presently  interpreted  to  be  a  series  of  Paleogene mafic  alkaline  volcanic  fields  and 
spatially related plutonic rocks that runs from the U.S. border to where it intersects the 
TMVB  (Ferrari  et  al.,  2005b;  Viera-Decida  et  al.,  2009).  Despite  this  prevailing 
interpretation  the  existence  of  a  single  volcanic  field  has  been  questioned  by  workers 
studying mafic volcanic fields at the south end of the EAB (within and immediately north 
of the TMVB) that have arc-affinities (Besch et al. 1988; Ferrari et al., 2005b). 
Increased use of  geochronology in  the last  two decades  has  shown that  magmatism in 
Mexico has migrated and changed orientation,  from the northwestern orientation of the 
SMO to the east-west  orientation of the TMVB, throughout the period from Eocene to 
Present (e.g. Ferrari et al., 1999). The tectonic model of Keppie and Moran-Zenteno (2005) 
explains this migration of magmatism in relation to the Cenozoic anticlockwise rotation of 
the Chortis block which is the result of oblique collision and subduction of the Chumbia 
and Tehuantepec ridges in the Eocene, and Middle Miocene to present respectively.  This 
new model has allowed for the reconstruction of arc magmatism in Mexico through the 
Cenozoic.
Mineralisation in eastern Mexico is  poorly understood and in  some cases only recently 
identified.  Such  is  the  case  for  the  Caballo  Blanco  and Caldera  prospects  which  were 
identified  during  the  field  work  of  this  investigation.  Until  this  study no  metallogenic 
213
synthesis  exists  that  accounts  for  mineralisation  in  eastern  Mexico  nor  relates 
mineralisation to the new tectonic and magmatic framework for Mexico. At the time this 
investigation  was  initiated  there  were  significant  gaps  in  the  understanding  of  the 
distribution of intrusive rocks and mineral deposits in eastern Mexico through time and 
space.
7.2 Restatement of Aims and Objectives
The purpose of this PhD thesis is to present original data on the geology, geochemistry and 
age  of  mineralisation  and  related  intrusions  within  the  study  area  of  eastern  Mexico, 
evaluate  the  genesis  and  controls  on  mineralisation  and  interpret  the  origin  of 
mineralisation in the context of well studied examples from around the world.
The  considerable  field  observations  and  original  petrographic,  geochemical, 
geochronological and isotopic analytical work contained in this study allow for a distinct 
contribution to be made to the understanding of the distribution, age and geochemistry of 
mineral deposits and related igneous rocks of eastern Mexico. The distinct contribution of 
this study is manifold in the results of fieldwork which include the identification of zones of 
mineralisation  not  described  in  any previous  investigations.  Furthermore  the  analytical 
work of the study enabled the application of geochronological and geochemical constraints 
with  which  important  new  interpretations  can  be  made.  The  thesis  was  successful  in 
meeting  the  objectives  of  increasing  the  understanding  of  the  spatial  and  temporal 
distribution of intrusive rocks and related mineralisation in eastern Mexico. In addition this 
study determined that there are unique ages and geochemical signatures for intrusive rock 
suites  with  which  magmatic  hydrothermal  mineralisation  is  associated,  thereby 
“fingerprinting” mineralisation in such a way that future exploration can be better directed.
While this study of mineral deposits and related igneous rocks benefits from a multitude of 
comprehensive studies on the magmatic history of the SMO and TMVB, the reverse may 
prove  to  be true  as  well.  Mineral  deposits  are  unique geochemical  events  that  may be 
markers for distinct magmatic and related tectonic settings. The deposition and preservation 
of mineral deposits also require the overlap of a variety of conditions through space and 
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time. In particular, porphyry Cu (Mo, Au) deposits require the unusual coincidence of many 
otherwise  commonplace  geologic  events  such  as  subduction,  volcanism and magmatic-
hydrothermal  activity.  The  detailed  study  of  mineral  deposits  allows  for  geotectonic 
reconstruction to be made at pinpoints in geologic time. These points can then be used by 
the regionally focused geologist to reconstruct past tectonic events. In this way the mineral 
deposits focus of this investigation of intrusion-related mineralisation in eastern Mexico has 
helped elucidate aspects of the magmatic history of this part of the world and it is hoped 
that  these  results  will  prove  to  be  valuable  for  ongoing  research  into  the  tectonic  and 
magmatic evolution of Mexico.
7.3 Exploration Implications
Numerous exciting directions for future mineral exploration efforts are evident from this 
investigation. Porphyry deposits are the most important sources of Cu, produce most of the 
world's Mo and provide an ever increasing amount of world Au production (Seedorf et al., 
2005). Deep, well preserved porphyry deposits will likely continue to provide important 
sources of these metals for years to come. Very few established porphyry terranes remain 
unexplored  however.  The  results  of  this  investigation  indicate  significant  previously 
unrecognised porphyry potential in eastern Mexico.
The two east-west trends of calc-alkaline plutonic rocks in northern Mexico, the MC and 
COSC trends, both host shallow porphyry systems as evidenced from field observations and 
fluid inclusion petrography of this study. In the past the magmatic rocks of these belts have 
generally been regarded to be associated with important skarn systems without the potential 
for  Cu-Au porphyry  systems.  The  results  of  this  study suggest  otherwise.  These  belts 
should be explored for large Cu-Au porphyry systems. The east-west trends of  ~ 38 Ma 
magmatism are presently defined as being over 200 km long but the limits are undefined 
and should be investigated.
Negative results are also very important as they can allow for the elimination of areas and 
wasteful efforts.  In northeastern Mexico alkaline rocks appear to not have potential  for 
hosting significant mineral deposits. In Colorado the 30 Ma Cripple Creek Au deposit is 
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hosted  by magmatic  rocks  temporally associated  with  the  change from calc-alkaline to 
alkaline  magmatism.  While  no  such  mineralisation  was  identified  in  this  study  rocks 
younger than the age of transition in Mexico should be regarded as low priority.
In the TMVB two ages of porphyry Cu (Au) systems are evident, ~18 Ma and ~9 Ma. The 
former are less likely to be preserved owing to high convergence rates, uplift and erosion 
but the TMVB age range of 20 to 8 Ma is highly prospective for these types of deposit. 
Furthermore Au porphyry mineralisation at Caballo Blanco and Caldera may be the first 
representation of a belt of such systems yet to be defined. The Maricunga district in Chile 
contains many such Au-rich porphyry systems. Exploration drilling at Caballo Blanco has 
discovered significant Au values under zones of barren alteration. This suggests that poor 
surface geochemistry for Au should not dissuade the explorationist from testing beneath 
quartz-alunite zones for underlying Au mineralisation in vuggy silica and Cu-Au porphyry 
mineralisation.
New  zones  of  mineralisation  were  identified  in  the  Miocene  volcanic  zone  of  central 
Oaxaca  including breccia  hosted  low sulphidation epithermal  Au and high  sulphidation 
epithermal  Au  mineralisation.  These  discoveries  were  made  during  preliminary 
investigations  of  ASTER  hydroxyl  responses  and  colour  anomalies  indicating  the 
prospectivity of this  area.  Martinez-Serrano  et  al. (2008) proposed that there may be a 
linkage between the Mid Miocene rocks of this part of Oaxaca and those of the TMVB. The 
age  of  intrusions  related  to  mineral  deposits  determined  in  this  study strengthens  this 
hypothesis and suggests that a much greater scope for exploration exists in areas between 
the TMVB and Oaxaca where similar aged magmatism and mineral deposits may exist.
Geochronological studies of this investigation revealed that ~ 4.5 Ma Au-Ag mineralisation 
is  temporally  associated  with  silicic  and  bimodal  magmatism  in  the  TMVB.  Such 
epithermal mineralisation in the TMVB should be targeted in magmatic rocks of this age 
and older not covered by later volcanic rocks.
7.4 Directions for Future Research
It  is  hoped  that  the  regional  scope  and  large  field  area  combined  with  the  original 
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geochemistry and geochronology of this investigation will prove useful for future study of 
mineral  deposits  and magmatism in Mexico.  Many new avenues of research have been 
identified in this study.
Geochemical and geochronological studies have been particularly useful and there is scope 
to expand these efforts to further constrain the age of magmatic events and mineralisation 
in  Mexico.  Few dates  exist  in  Mexico  for  mineralisation  and even  fewer  using  Ar-Ar 
techniques.  As  exploration  develops  on  the  properties  studied  in  this  thesis  as  well  as 
others, there will be increased opportunities to sample fresh alteration minerals for further 
geochronological studies. Further geochemistry could help better constrain the distribution 
of adakitic magmas.
Fluid  inclusion  microthermometry of  quartz  veins  from the  prospects  examined in  this 
study would help tremendously in  further  interpreting formation temperatures and fluid 
types. As more drilling is carried out on the prospects it is hoped that the three dimensional 
sampling this will provide will be used by future researchers for detailed fluid inclusion 
microthermometry.
The  Pb  isotopic  analysis  of  this  study was  reconnaissance  in  scale  and  indicates  that, 
combined with other isotopes including those of strontium and neodymium, great advances 
could be made towards unraveling the sources of magmas and metals. There is a growing 
database of geochemical data from the TMVB corresponding with increasing constraints on 
the tectonic history and providing a unique framework for interpretation of further isotopic 
study of the mineral showings of this area. 
In particular it would be an interesting endeavor to see if Pb, Sr and Nd isotopic studies can 
aid  in  unraveling  the  source  and  nature  of  intrusions  with  adakite-like  geochemistry 
identified in this study as being associated with mineralisation in eastern Mexico since the 
isotopic signature of the melt will reflect melt source regions.
7.5 Principal Conclusions
The conclusions of this thesis support recent tectonic reconstructions of Mexico (Keppie 
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and Moran-Zenteno, 2005) and are presented as a magmatic and metallogenic history of 
eastern Mexico from the Cretaceous to the present, both graphically (Figures 7.1 to 7.3) and 
in bullet form:
• Magmatism  related  to  east-dipping  subduction  migrated  to  eastern  Mexico  in 
response to progressive slab flattening from the US border to southern Mexico in 
the Eocene (Figures 7.1 A, B,). At  ~ 60 Ma large Cu porphyry systems formed in 
northwest Mexico (Figure 7.3 A).
• At ~ 40-35 Ma the subducting slab steepened resulting in the emplacement of high-
K diorite intrusions with adakite-like geochemistry including high Sr/Y and La/Yb 
ratios (Figures 7.1 C, 7.3 B). This geochemistry likely results from partial melting 
of  crustal  material  in  response to  crustal  thickening.  Slab steepening  was likely 
caused by the subduction of the Chumbia ridge which also resulted in Oligocene 
subduction erosion. Magmatism is represented by calc-alkaline gabbro to quartz-
diorite intrusives without significant coeval volcanic products. These magmas were 
emplaced  in  Cretaceous  deformed  carbonate  strata  and  exsolved  magmatic 
hydrothermal fluids that deposited Cu-Au-magnetite and base metals in skarn and 
porphyry environments.
• In northeastern Mexico,  progressive slab roll  back resulted in  extension and the 
eruption of mantle derived alkaline magmas in the Oligocene and Early Miocene. 
These  plutonic  rocks  are  not  associated  with  metal-rich  hydrothermal  mineral 
deposits (Figures 7.1 D, 7.3 C). Ignimbrites were emplaced in the SMO from the 
Oligocene to Early Miocene related to the detachment of the Farallon slab. The 
major Ag-Au vein deposits of Mexico occurred in this time frame (Figures 7.3 C, D)
• In the Middle Miocene subduction of a second (Tehuantepec) Ridge with the trench 
off southwestern Mexico led further asymmetric flattening of the subduction zone 
(Figure 7.2 A, B) and continued anticlockwise rotation of the Mexican magmatic arc 
to the present location of the TMVB. South of the Tehauntepec ridge, slab flattening 
resulted in extinction of magmatism in present day Chiapas. North of the ridge the 
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initial  stages  of  slab  steepening  resulted  in  the  emplacement  of  high-K  diorite 
intusions with adakite-like high Sr/Y and La/Yb ratios resulting from contamination 
through subduction erosion incorporation of crustal material (Figures 7.2 C, 7.3 E). 
These intrusions are associated with porphyry copper-gold and high sulphidiation 
epithermal  Au  deposits  which  formed  in  the  TMVB  and  Oaxaca  from  ~  18 
(Tuligtic) to ~ 9 Ma (Caballo Blanco). This magmatism rotated counterclockwise 
from ~ 18 Ma to 9 Ma.
• Shallow emplacement of stocks at Caballo Blanco and Caldera resulted in flashing 
of  hydrothermal  fluids  and  the  formation  of  banded  Au-bearing  quartz  veinlets 
which  overprinted  earlier  potassic  alteration  and  Cu-Au  mineralisation.  Quartz-
alunite  alteration  formed  contemporaneous  with  potassic  alteration  at  higher 
elevations. Some of the quartz-alunite zones were subjected to later fluids which 
deposited significant Au.
• Progressive slab roll back resulted in extension and the eruption of mantle derived 
alkaline magmas in the Late Miocene. This magmatism migrated from west to east 
from ~ 12 to 6 Ma. No mineralisation was found associated with these magmatic 
rocks (Figures 7.2 D, 7.3 F).
• The latest mineralisation in the TMVB identified is Au-Ag bearing low-sulphidation 
quartz-adularia veining at ~ 4 Ma temporally associated with bimodal volcanism 
(Figure 7.3 G).
• Continued southwest migrating slab steepening,  as the Tehuantepec Ridge swept 
westward, resulted in the reestablishment of volcanism in Chiapas at ~ 7 Ma, known 
as  the  Chiapanecan  Volcanic  Arc.  From ~  2.8  to  2.2  Ma  porphyry,  skarn  and 
epithermal mineralisation associated with diorite intrusives was formed in southwest 
Mexico in the Chiapanecan volcanic arc at Santa Fe and Ixhuatan (Figure 7.3 H).
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Figure 7.1. Cartoon of the tectonic Environment of Ore Deposition in northeastern Mexico. Inspired from Kay and Mpodozis (2002) and Valencia-
Moreno et al. (2007). The figure represents cross sectional views of an east-west transect through northern Mexico A. Normal arc subduction 
associated with Laramide porphyry intrusions and mineralisation. B. Asymmetric flat slab subduction. The inset shows a 3D view with surface 
trace of the section line of this view marked with a red line. C. The onset of slab rollback is associated with magmas and mineralisation as at San 
Carlos. D. Continued slab rollback and extension resulted in alkaline magmatism marked by syenite intrusion. See text for discussion.
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Figure 7.2. Cartoon of the tectonic Environment of Ore Deposition in the eastern TMVB. Inspired from Kay and Mpodozis (2002) and Valencia-
Moreno et al. (2007). A. 3D view of the onset of ridge subduction and asymmetric slab flattening leading to Miocene flat slab subduction in the 
eastern TMVB. Red line marks the surface trace of the cross sections to follow. B. Cross section view of A. from the east of flat slab subduction.  
C. The onset of slab rollback is associated with magmas and mineralisation as at Caballo Blanco. D. Continued slab rollback and extension 
resulted in alkaline magmatism marked by basaltic flows. See text for discussion.
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APPENDIX B: GPS LOCATION AND ASSAY DATA FOR CALDERA PROJECT 
SAMPLES
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Caldera Project Rock Sample Locations and Results UTM NAD 83  Zone 14
UTM Easting (m) UTM Northing (m) Au ppb Ag ppm As ppm Bi ppm Cu ppm Hg ppm Mo ppm Pb ppm Sb ppm W ppm Zn ppm
630308 2157102 1 0.0 0 10 0 0 7 6 0 0 0
630308 2157098 1 0.0 10 11 0 0 18 5 0 0 0
630279 2157038 11 0.0 0 15 0 0 15 4 0 0 0
630274 2157037 12 0.0 3 14 0 0 19 6 0 0 0
630234 2157041 1 0.0 2 22 0 0 13 11 0 0 0
630087 2156927 44 0.0 35 0 26 0 31 9 2 0 0
630078 2156930 26 0.3 35 0 11 0 44 29 0 0 0
629990 2156916 5 0.0 0 0 0 0 2 3 0 0 0
629987 2156908 1 0.3 44 2 25 0 5 23 0 0 0
629929 2156942 19 0.0 12 0 10 0 3 5 4 0 0
629993 2157001 12 0.2 158 4 13 0 18 20 3 0 0
630087 2157029 7 0.2 97 6 16 0 103 67 5 0 2
629946 2157011 1 0.2 2 0 4 0 2 14 0 0 0
629898 2156937 24 0.2 216 2 7 1 4 27 15 0 0
629905 2156920 12 0.0 30 2 0 0 4 2 6 0 0
629745 2156816 1 0.0 0 3 0 0 5 2 0 0 0
629703 2156765 1 0.0 5 4 0 0 1 2 2 0 0
629997 2157044 1 0.0 2 4 0 0 4 12 0 0 0
630138 2157136 6 0.2 3 0 6 0 4 2 0 0 0
630130 2157170 5 0.0 29 0 40 0 12 7 0 0 0
630242 2157180 1 0.2 73 0 65 0 0 12 0 0 5
629984 2157263 1 0.2 28 4 24 0 332 136 0 0 5
629375 2156425 1 0.2 6 0 11 1 3 11 0 0 0
629466 2156426 1 0.0 9 0 0 0 1 3 0 0 0
629471 2156432 1 0.2 7 0 5 0 2 4 2 0 0
629577 2156426 1 0.2 31 2 31 1 0 6 2 0 0
630008 2156316 1 0.2 16 0 48 0 0 7 0 0 11
629149 2156854 22 0.2 35 14 40 0 2 17 3 0 4
629244 2156864 1 0.2 302 2 22 0 28 16 4 0 0
629163 2156952 1 0.0 10 7 33 0 6 7 0 0 0
629335 2157068 1 0.2 25 0 6 0 8 5 0 0 0
629341 2157071 1 0.0 2 0 0 0 5 0 0 0 0
629344 2157192 1 0.0 21 2 3 0 15 9 10 0 0
Caldera Project Rock Sample Locations and Results UTM NAD 83  Zone 14
UTM Easting (m) UTM Northing (m) Au ppb Ag ppm As ppm Bi ppm Cu ppm Hg ppm Mo ppm Pb ppm Sb ppm W ppm Zn ppm
633252 2154955 6 0.2 36 3 30 0 17 28 0 0 0
633078 2154980 10 0.0 41 3 95 0 10 43 2 0 2
633067 2155060 8 0.0 57 4 11 0 70 35 0 0 2
633008 2154993 1 0.0 27 3 25 0 41 2 0 0 4
633000 2154993 1 0.2 9 2 13 0 12 3 0 0 2
632647 2154980 5 0.0 24 5 41 0 7 40 2 0 93
632631 2154924 15 0.0 16 2 10 0 184 10 3 0 5
632750 2154904 9 0.0 12 0 5 0 8 0 0 0 3
632567 2154783 13 0.0 429 38 29 1 12 24 16 0 29
632582 2154793 1 0.0 76 6 6 0 6 4 11 0 3
632550 2154717 24 0.0 85 4 37 0 9 31 12 0 4
632573 2154876 1 0.0 10 0 22 0 2 14 0 0 141
634285 2154203 1 0.0 24 2 5 0 18 0 0 0 8
634163 2154132 1 0.0 7 2 47 0 2 27 0 0 27
633761 2153997 1 0.0 54 2 89 0 11 17 0 0 12
633693 2154056 1 0.2 14 5 4 0 9 0 0 0 26
634367 2152749 1 0.0 26 0 39 0 4 6 0 0 18
633938 2152683 1 0.0 8 0 2 0 2 3 2 0 2
631033 2155676 1 0.0 18 0 4 0 13 12 0 0 3
631460 2155787 17 0.0 8 0 7 0 1 4 3 0 2
630665 2157579 6 0.2 49 4 37 0 65 27 2 0 6
630473 2157378 1 0.0 5 0 10 0 0 6 2 0 165
630327 2157104 8 0.0 84 6 36 0 18 13 7 0 4
630314 2156947 1 0.0 38 14 42 0 6 33 0 0 3
630341 2156888 10 0.0 8 4 55 0 14 56 0 0 3
630096 2156910 10 0.0 16 4 11 0 22 27 3 0 4
630059 2156891 1 0.0 63 11 22 0 3 12 3 0 0
630160 2156812 1 0.0 65 0 26 0 8 37 0 0 6
630173 2156862 8 0.0 5 0 13 0 12 3 0 0 0
630227 2156812 1 0.0 19 0 39 0 10 12 0 0 2
630285 2156702 1 0.0 48 2 25 0 27 9 0 0 2
630320 2156721 20 0.0 21 4 46 0 24 10 0 0 0
630329 2156778 11 0.0 42 20 22 0 46 60 4 0 7
Caldera Project Rock Sample Locations and Results UTM NAD 83  Zone 14
UTM Easting (m) UTM Northing (m) Au ppb Ag ppm As ppm Bi ppm Cu ppm Hg ppm Mo ppm Pb ppm Sb ppm W ppm Zn ppm
630386 2156741 5 0.0 169 22 34 0 700 29 5 0 0
630391 2156738 5 0.0 21 3 35 0 31 27 2 0 0
630277 2156598 9 0.0 229 13 57 0 81 12 4 0 6
630359 2156544 32 0.0 248 0 170 0 71 41 2 0 3
630562 2156946 1 0.0 5 2 3 0 32 10 0 0 0
630603 2156946 16 0.0 62 2 5 0 15 24 2 0 3
630709 2157096 1 0.0 25 0 8 0 8 9 2 0 0
630695 2157793 1 0.0 83 0 26 0 1 6 3 0 9
631675 2157032 1 0.0 11 0 76 7 5 6 0 0 29
631329 2156989 1 0.2 3 0 33 0 3 5 0 0 107
631194 2157012 1 0.0 4 0 16 1 0 2 0 0 14
631145 2157012 1 0.0 5 0 9 1 0 2 0 0 8
629694 2157225 1 0.0 27 3 12 0 4 29 2 0 4
629657 2157228 1 0.0 50 4 62 0 1 36 6 0 2
629696 2157283 1 0.0 44 11 29 0 3 22 3 0 0
629781 2157420 1 0.2 4 0 14 0 1 7 0 0 4
629722 2157623 1 0.4 16 3 10 0 2 6 2 0 4
629836 2157384 9 0.0 79 0 3 0 69 3 3 0 4
633095 2154612 24 0.0 30 7 11 0 24 17 7 0 2
632911 2154399 1 0.2 19 5 18 0 3 4 0 0 6
632760 2154238 1 0.0 2 0 2 0 1 0 0 0 0
633362 2154958 1 0.0 16 4 27 0 56 22 0 0 3
633309 2154840 20 0.0 26 3 34 0 107 6 2 0 4
633315 2154822 18 0.0 19 2 14 0 40 4 2 0 2
633123 2154798 9 0.0 19 38 3 0 30 3 15 0 0
633421 2154533 1 0.0 18 2 4 0 22 4 4 0 2
633493 2154577 1 0.0 18 3 14 0 3 3 3 0 19
633494 2154575 1 0.0 20 4 8 0 3 8 3 0 12
633591 2154823 1 0.4 45 0 18 1 2 3 3 0 23
633496 2154707 1 0.0 65 4 21 0 6 8 4 0 13
633484 2154698 1 0.0 16 3 16 0 2 4 3 0 4
633279 2154403 1 0.0 6 2 4 0 2 0 0 0 19
633082 2154293 1 0.0 4 0 5 1 1 4 0 0 0
Caldera Project Rock Sample Locations and Results UTM NAD 83  Zone 14
UTM Easting (m) UTM Northing (m) Au ppb Ag ppm As ppm Bi ppm Cu ppm Hg ppm Mo ppm Pb ppm Sb ppm W ppm Zn ppm
633099 2154297 1 0.0 7 0 8 2 2 5 0 0 2
633634 2154335 1 0.0 39 0 3 0 6 2 0 0 15
633617 2154359 1 0.0 100 2 4 0 3 0 8 0 8
633597 2154211 1 0.0 13 7 13 1 49 6 0 0 4
633572 2154086 1 0.0 138 0 11 0 11 5 0 0 81
633341 2152489 1 0.3 117 3 24 0 13 4 6 0 11
633336 2152486 1 0.0 6 0 7 0 2 0 0 0 0
633689 2152547 1 0.0 14 2 6 0 3 0 4 0 3
633828 2152508 1 0.0 8 0 2 0 2 3 0 0 0
631217 2157286 1 0.0 0 0 7 0 0 2 0 0 13
631455 2155039 1 0.0 145 3 31 0 1 7 2 0 2
630336 2157111 8 0.0 4 7 2 0 42 2 0 0 0
630318 2157101 13 0.0 0 0 4 0 53 5 0 0 0
630322 2156725 7 0.2 8 0 12 0 7 18 0 0 0
630365 2156731 7 0.0 32 6 30 0 235 27 0 0 0
630005 2156864 7 0.0 34 7 26 0 42 36 3 0 0
629995 2156861 1 0.2 15 2 12 0 66 25 2 0 0
629982 2156848 1 0.0 0 0 3 0 6 2 0 0 0
629980 2156846 1 0.0 4 0 2 0 14 6 0 0 0
629988 2156834 21 0.4 49 0 2 0 2 2 7 0 5
629952 2156822 41 0.0 31 3 5 3 629 11 2 0 0
629949 2156827 20 0.3 37 0 11 1 463 6 2 0 0
629947 2156835 10 0.0 33 0 9 2 357 3 2 0 0
629942 2156821 12 0.0 10 0 8 1 233 5 0 0 0
629942 2156823 46 0.2 71 0 25 1 50 14 2 0 0
629938 2156828 20 0.0 26 0 6 2 99 15 0 0 0
629949 2156849 10 0.0 31 2 5 1 358 7 2 0 0
629936 2156838 8 0.0 13 0 2 0 43 0 0 0 0
629935 2156836 57 0.0 53 2 10 2 166 5 2 0 0
629932 2156840 8 0.2 3 3 4 0 7 2 0 0 0
629927 2156842 9 0.0 0 2 2 0 11 2 0 0 0
629928 2156840 8 0.0 15 0 2 1 47 13 0 0 0
629926 2156840 8 0.2 14 0 5 1 104 10 3 0 0
Caldera Project Rock Sample Locations and Results UTM NAD 83  Zone 14
UTM Easting (m) UTM Northing (m) Au ppb Ag ppm As ppm Bi ppm Cu ppm Hg ppm Mo ppm Pb ppm Sb ppm W ppm Zn ppm
629924 2156840 5 0.0 3 0 2 0 92 2 0 0 0
629927 2156852 1 0.0 0 2 2 0 75 13 0 0 0
629927 2156850 1 0.0 11 2 1 0 5 13 0 0 0
629907 2156838 1 0.0 6 0 1 0 37 5 0 0 0
629884 2156844 9 0.0 5 3 2 1 27 4 0 0 0
629957 2156858 20 0.0 4 7 2 1 16 3 5 0 0
629966 2156866 1 0.0 2 3 1 0 2 6 0 0 0
629932 2156802 8 0.2 44 2 9 1 6 22 12 0 0
629947 2156799 18 0.2 3 0 2 0 3 2 2 0 0
629960 2156825 5 0.0 4 0 1 1 19 0 0 0 0
630074 2156950 29 0.0 13 0 3 0 5 7 0 0 0
630091 2156945 11 0.3 22 6 40 0 7 39 4 0 12
630079 2156941 21 0.2 16 3 10 0 7 7 0 0 2
630090 2156951 38 0.0 0 4 2 0 4 11 0 0 0
630393 2156725 19 0.0 34 16 40 0 13 24 3 0 0
630385 2156725 36 0.0 19 0 25 0 4 31 0 0 0
630396 2156733 14 0.0 25 12 18 0 14 21 3 0 0
630383 2156731 14 0.3 198 0 27 0 138 63 7 0 0
630382 2156740 1 0.2 207 0 50 0 51 58 2 0 0
630091 2156808 1 0.4 3 0 44 0 0 2 0 0 107
629739 2156647 1 0.2 23 3 9 0 2 9 2 0 0
629757 2156637 1 0.0 6 2 5 1 1 7 2 0 0
629777 2156654 1 0.0 0 0 1 0 2 0 0 0 0
629810 2156693 1 0.0 0 0 11 0 2 2 0 0 0
629746 2156797 1 0.0 0 17 6 0 8 4 0 0 0
629771 2156790 1 0.2 6 2 4 0 6 14 2 0 0
629998 2157031 1 0.0 7 19 3 0 6 23 3 0 3
629994 2156996 11 0.0 35 3 4 0 6 7 0 0 0
629985 2156983 8 0.2 23 5 8 0 12 121 3 0 3
629979 2156963 19 0.6 95 4 13 1 81 261 8 0 0
629961 2156965 1 0.2 42 12 4 0 110 39 11 0 0
629955 2156937 1 0.0 8 0 2 0 15 7 3 0 0
630114 2156958 15 0.0 3 3 3 0 105 7 2 0 0
Caldera Project Rock Sample Locations and Results UTM NAD 83  Zone 14
UTM Easting (m) UTM Northing (m) Au ppb Ag ppm As ppm Bi ppm Cu ppm Hg ppm Mo ppm Pb ppm Sb ppm W ppm Zn ppm
630116 2157162 1 0.0 10 0 5 0 12 12 2 0 0
630165 2157174 12 0.0 31 4 10 0 27 15 0 0 0
633123 2154666 30 0.0 23 3 22 0 44 5 10 0 7
633133 2154661 14 0.0 16 2 2 0 12 2 2 0 0
633144 2154656 9 0.0 13 3 4 0 7 9 11 0 0
633172 2154651 9 0.0 4 3 40 0 66 9 4 0 0
633177 2154645 5 0.0 0 5 5 0 25 5 2 0 0
633130 2154643 9 0.0 2 2 2 0 8 2 0 0 0
633134 2154644 10 0.0 5 3 2 0 11 4 3 0 0
633145 2154623 6 0.0 9 0 4 0 5 2 0 0 0
633140 2154615 10 0.0 3 2 2 0 43 0 3 0 0
632899 2154477 6 0.0 12 2 3 1 0 0 2 0 0
632897 2154467 7 0.0 9 2 3 0 1 3 2 0 0
632855 2154441 12 0.0 117 3 7 1 15 4 8 0 4
632840 2154442 1 0.0 90 3 2 0 1 3 0 0 0
632829 2154400 1 0.0 10 3 25 0 1 0 4 0 9
632863 2154536 1 0.0 8 3 2 0 1 3 0 0 7
632733 2154282 1 0.0 0 0 3 0 0 2 0 0 2
632677 2154331 1 0.0 0 0 7 0 2 2 0 0 3
632469 2154478 1 0.0 2 0 4 0 1 0 0 0 4
632452 2154479 1 0.0 5 0 6 0 1 0 0 0 2
632449 2154483 1 0.0 7 0 6 1 2 2 3 0 0
632546 2154572 1 0.0 0 0 1 0 14 2 0 0 3
632566 2154589 6 0.0 2 4 6 0 0 3 6 0 4
632589 2154563 11 0.0 3 3 4 0 2 4 3 0 2
632542 2154561 1 0.0 50 13 13 1 1 2 14 0 17
631849 2152801 1 0.0 0 0 7 0 0 0 0 0 22
633233 2153171 1 0.0 0 0 30 0 0 2 0 0 23
634270 2154197 1 0.0 0 0 1 0 5 2 0 0 3
634503 2154227 1 0.0 12 4 36 0 1 5 3 0 5
629174 2156961 1 0.0 2 5 0 0 2 9 2 0 0
628792 2157218 1 0.0 0 2 3 0 1 7 0 0 2
629134 2156846 1 0.0 0 2 19 0 3 4 0 0 0
Caldera Project Rock Sample Locations and Results UTM NAD 83  Zone 14
UTM Easting (m) UTM Northing (m) Au ppb Ag ppm As ppm Bi ppm Cu ppm Hg ppm Mo ppm Pb ppm Sb ppm W ppm Zn ppm
629246 2156825 6 0.0 18 2 36 0 16 11 2 0 0
629356 2157194 1 0.0 0 0 3 0 2 3 0 0 0
629762 2157408 1 0.0 17 0 6 0 8 3 0 0 0
633424 2154521 1 0.0 0 0 1 0 2 0 0 0 2
633364 2154475 1 0.0 2 0 10 0 0 2 0 0 34
633543 2154361 1 0.0 0 0 1 0 2 8 0 0 2
633530 2154386 1 0.0 20 0 3 0 3 19 0 0 2
633617 2154377 1 0.0 0 0 1 0 1 0 0 0 0
633628 2154370 1 0.0 0 0 1 0 1 0 0 0 0
633640 2154265 1 0.0 0 0 0 0 2 0 0 0 0
633644 2154249 1 0.0 0 0 0 0 0 0 0 0 0
633727 2154432 1 0.0 0 0 1 0 1 0 0 0 0
631375 2155682 5 0.0 94 3 39 0 30 8 5 0 4
631342 2155578 1 0.0 4 0 18 0 2 2 4 0 2
631263 2155494 1 0.0 157 5 16 0 3 11 5 0 5
631311 2155484 6 0.0 0 0 2 0 0 2 0 0 2
631103 2155909 16 0.0 25 0 3 0 1 3 44 0 0
632538 2154756 1 0.0 236 9 40 1 2 13 16 0 72
632618 2154711 7 0.0 12 2 10 1 46 3 3 0 2
630036 2156963 5 0.0 2 3 36 0 43 9 0 0 0
630391 2156531 39 0.0 124 0 40 0 144 40 2 0 2
630383 2156530 8 0.0 43 2 2 0 524 11 0 0 0
630373 2156518 6 0.0 304 0 97 0 69 32 2 0 0
633107 215764 10 0.0 0 0 1 0 13 0 0 0 0
633098 2154797 1 0.0 0 0 1 0 9 0 0 0 0
632902 2154880 1 0.0 153 23 29 0 2 6 11 0 8
631360 2154971 1 0.0 6 0 8 1 1 3 0 0 0
631322 2155009 1 0.0 0 0 2 0 6 2 7 0 5
631357 2155071 1 0.0 0 2 1 0 1 0 0 0 16
631567 2155121 1 0.0 7 2 5 0 1 7 5 0 0
631494 2154609 5 0.2 12 2 8 4 1 9 2 10 35
631467 2154638 5 0.2 39 2 16 1 4 6 2 10 5
631442 2154704 5 0.3 66 2 51 4 3 6 2 10 2
Caldera Project Rock Sample Locations and Results UTM NAD 83  Zone 14
UTM Easting (m) UTM Northing (m) Au ppb Ag ppm As ppm Bi ppm Cu ppm Hg ppm Mo ppm Pb ppm Sb ppm W ppm Zn ppm
631255 2154738 5 0.2 298 2 34 1 7 20 17 10 13
631140 2154973 5 0.2 24 2 8 1 2 5 2 10 2
630950 2155131 5 0.2 4 2 5 1 2 9 2 10 4
631014 2155746 5 0.2 60 11 29 1 50 17 2 10 9
631034 2155716 19 0.2 59 28 52 1 5810 22 10 10 8
631076 2155669 5 0.2 64 7 28 1 14 67 4 10 2
631381 2155714 13 0.2 58 3 20 1 35 5 7 10 5
631459 2155669 5 0.2 5 2 32 1 7 11 5 10 6
631574 2155692 5 0.2 79 2 29 1 19 16 5 10 2
630896 2156244 5 0.2 50 3 11 1 4 6 2 10 3
630840 2156339 8 0.2 52 2 27 1 24 15 2 10 4
630826 2156382 13 0.2 40 3 52 1 48 8 2 10 3
630762 2156485 5 0.2 60 2 33 1 16 22 2 10 3
630807 2156550 5 0.2 57 2 47 1 2 21 2 10 3
630844 2156588 5 0.2 25 3 29 1 2 29 2 10 17
630924 2156586 9 0.2 27 2 44 1 64 13 3 10 24
631030 2156485 5 0.2 54 2 27 1 15 37 9 10 37
632472 2154567 5 0.2 93 2 97 1 5 14 6 10 9
632512 2154667 5 0.2 3 2 14 1 3 3 4 10 13
632540 2154706 5 0.2 28 2 14 1 2 5 2 10 2
632591 2154758 5 0.2 91 8 15 1 6 21 2 10 2
632615 2154767 6 0.2 209 5 61 1 2 214 4 10 2
632759 2154865 5 0.2 36 15 77 1 4 13 2 10 2
633066 2154789 5 0.2 2 2 4 1 4 5 2 10 2
633128 2154667 6 0.2 30 4 17 1 19 22 6 10 2
633244 2154634 7 0.2 92 2 23 1 29 6 3 10 2
633238 2154653 5 0.2 61 7 3 1 2 6 4 10 2
633315 2154748 15 0.2 26 2 136 1 10 16 2 10 2
633379 2154826 5 0.2 14 2 111 1 7 41 2 10 2
633393 2154864 5 0.2 8 2 89 1 2 11 2 10 12
633363 2154951 5 0.2 11 6 51 1 5 23 2 10 2
633484 2155124 5 0.2 53 5 107 1 5 32 2 10 52
633792 2154741 6 0.2 35 13 32 1 3 14 5 10 4
Caldera Project Rock Sample Locations and Results UTM NAD 83  Zone 14
UTM Easting (m) UTM Northing (m) Au ppb Ag ppm As ppm Bi ppm Cu ppm Hg ppm Mo ppm Pb ppm Sb ppm W ppm Zn ppm
633683 2154577 5 0.2 45 2 9 1 3 12 3 10 3
633545 2154392 5 0.2 35 2 2 1 4 39 2 10 2
633501 2154360 5 0.2 2 2 23 1 2 6 2 10 23
633489 2154336 5 0.2 13 2 10 1 3 10 2 10 2
633418 2153839 5 0.2 5 2 6 1 2 11 2 10 2
633492 2153865 5 0.2 10 2 9 3 2 6 2 10 2
633538 2153889 5 0.2 2 2 15 4 2 7 2 10 2
633664 2153869 5 0.2 51 3 1 1 6 8 2 10 2
629806 2156705 5 0.2 5 2 7 1 3 13 2 10 36
634081 2154354 5 0.2 68 2 4 1 1 14 2 10 2
633953 2154301 5 0.2 33 2 21 1 1 9 2 10 14
633865 2154216 5 0.2 50 2 69 1 1 8 6 10 9
633800 2154165 5 0.2 70 2 62 1 2 18 2 10 37
633580 2153986 5 0.2 14 2 3 1 5 7 2 10 4
634006 2153826 5 0.2 50 27 165 1 2 10 4 10 8
634275 2154211 5 0.2 13 5 12 1 1 3 2 10 9
634127 2152474 5 0.2 3 2 4 1 1 25 2 10 2
634029 2152447 5 0.2 14 5 20 1 3 12 5 10 2
633831 2152505 5 0.2 2 2 3 1 2 2 2 10 2
633692 2152535 5 0.2 10 2 22 1 3 3 2 10 2
633566 2152578 5 0.2 2 2 11 1 5 2 2 10 2
633699 2153401 24 0.2 34 2 59 1 3 7 2 10 12
633965 2153508 5 0.2 9 2 7 1 2 7 2 10 2
633979 2152321 5 0.2 2 2 15 1 1 2 2 10 53
633818 2152330 5 0.2 4 2 39 1 1 4 2 10 31
634203 2151610 5 0.2 37 2 7 1 3 11 3 10 2
633953 2151575 5 0.2 20 2 14 1 2 5 2 10 2
633916 2151564 5 0.2 66 5 14 3 2 43 18 10 2
633267 2151411 5 0.2 25 2 3 1 1 4 5 10 2
633496 2150965 5 0.2 91 2 12 1 2 14 2 10 4
633516 2150988 5 0.2 43 2 11 1 2 10 2 10 2
633530 2151074 5 0.2 47 2 3 1 2 12 2 10 10
633583 2151094 6 0.2 126 2 36 3 5 5 17 10 3
Caldera Project Rock Sample Locations and Results UTM NAD 83  Zone 14
UTM Easting (m) UTM Northing (m) Au ppb Ag ppm As ppm Bi ppm Cu ppm Hg ppm Mo ppm Pb ppm Sb ppm W ppm Zn ppm
633653 2151012 5 0.2 57 2 7 1 1 7 2 10 2
633634 2150876 5 0.2 23 2 3 1 1 4 2 10 2
633850 2150597 5 0.2 8 2 23 5 2 9 2 10 4
633895 2150582 5 0.2 16 2 40 4 1 7 4 10 5
634022 2151435 5 0.3 16 24 23 14 3 9 9 10 2
630721 2157102 7 0.2 11 2 6 1 3 4 2 10 2
630718 2157047 5 0.2 25 2 57 1 2 8 2 10 3
630704 2157044 17 0.2 88 3 22 1 7 12 2 10 2
630603 2156929 11 0.2 57 3 6 1 7 17 2 10 3
630559 2156924 6 0.2 2 2 3 1 16 8 2 10 2
630526 2156898 19 0.2 45 3 11 1 5 39 2 10 2
630343 2156782 40 0.2 33 7 31 1 50 50 2 10 2
630343 2156769 8 0.2 95 10 76 1 225 27 2 10 8
630371 2156731 6 0.2 106 102 55 1 59 38 2 10 2
630171 2156736 7 0.2 9 2 20 1 51 28 2 10 2
630143 2156804 6 0.2 53 5 26 1 10 31 2 10 2
630078 2156832 16 0.2 16 2 38 1 9 9 2 10 4
629891 2156896 5 0.2 39 3 6 2 6 51 5 10 4
629788 2157073 5 0.2 16 4 21 1 17 12 2 10 3
629980 2157343 5 0.2 24 7 7 1 15 39 2 10 2
629148 2160014 5 0.2 4 2 45 1 2 6 2 10 5
629713 2159041 8 0.2 4 3 11 1 1 6 2 10 32
629807 2158988 5 0.4 9 2 15 1 1 8 2 10 14
629416 2156834 6 0.2 35 3 12 1 8 14 2 10 2
629252 2156806 5 0.2 17 8 28 1 8 9 2 10 2
629159 2156851 8 0.2 6 3 8 1 1 7 2 10 2
628990 2158072 11 0.2 43 14 18 1 6 23 9 10 9
634631 2154142 5 0.2 22 2 4 1 1 2 2 10 2
634666 2154115 5 0.2 139 8 22 1 5 4 3 10 6
634597 2154102 5 0.2 2 2 10 1 1 5 2 10 25
634614 2154139 5 0.2 92 5 32 1 5 5 2 10 5
634587 2154017 5 0.2 24 2 30 1 5 11 3 10 35
634738 2154261 5 0.2 276 5 46 1 7 2 8 10 11
Caldera Project Rock Sample Locations and Results UTM NAD 83  Zone 14
UTM Easting (m) UTM Northing (m) Au ppb Ag ppm As ppm Bi ppm Cu ppm Hg ppm Mo ppm Pb ppm Sb ppm W ppm Zn ppm
634612 2154140 5 0.2 68 8 7 1 2 2 2 10 3
630994 2155962 5 0.2 71 3 16 1 1 11 5 10 3
630460 2155523 5 0.2 3 2 26 1 1 3 3 10 20
632545 2154680 25 0.2 147 7 17 1 4 24 7 10 4
632545 2154680 5 0.2 5 2 3 0 9 2 2 10 2
632545 2154680 6 0.2 14 2 8 0 18 2 2 10 3
632545 2154680 10 0.2 12 2 14 0 69 2 2 10 4
632545 2154680 5 0.2 39 7 20 1 3 3 7 10 2
632545 2154680 5 0.2 27 2 5 0 2 2 2 10 2
632545 2154680 5 0.2 138 9 4 0 4 15 9 10 2
633329 2154732 6 0.2 2 2 1 0 71 2 2 10 2
633135 2154621 11 0.2 3 2 2 0 22 4 5 10 3
633135 2154621 7 0.2 4 3 4 0 10 3 6 10 2
633135 2154621 20 0.2 8 3 7 0 4 2 6 10 3
633135 2154621 10 0.2 13 7 2 0 21 5 7 10 2
633119 2154585 6 0.2 4 2 2 0 15 2 3 10 2
632903 2154387 5 0.2 5 2 6 0 2 2 2 10 5
635550 2153902 5 0.9 2 2 19 0 1 24 2 10 45
635207 2153238 5 0.6 4 2 12 0 2 11 2 10 32
627297 2165821 5 0.6 3 2 24 0 1 19 2 10 35
625419 2163567 5 0.2 2 2 2 0 1 9 2 10 69
634115 2153391 5 0.2 2 2 15 0 1 10 3 10 42
Caldera Project Soil Sample Locations and Results UTM NAD 83 Zone 14
UTM Easting (m) UTM Northing (m) Au (ppb) Ag (ppm) As (ppm) Bi (ppm) Cu (ppm) Hg (ppm) Mo (ppm) Pb (ppm) Sb (ppm) Zn (ppm)
632368 2153701 2.3 0.06 2.5 0.3 7.6 0.0 0.5 12.2 0.2 45
632418 2153701 1.6 0.02 2.4 0.3 8.5 0.0 0.6 9.5 0.3 45
632468 2153701 0.9 0.02 1.6 0.2 10.1 0.0 0.5 7.7 0.2 48
632518 2153701 1.1 0.02 2.0 0.3 9.7 0.0 0.6 8.9 0.3 44
632568 2153701 1.0 0.03 1.8 0.2 9.7 0.0 0.7 8.7 0.2 45
632618 2153701 0.6 0.03 1.4 0.2 17.6 0.2 1.1 7.7 0.2 35
632668 2153701 0.9 0.03 1.7 0.1 17.6 0.3 1.1 10.7 0.2 30
632718 2153701 0.7 0.02 1.8 0.2 15.8 0.1 1.2 8.2 0.2 28
632768 2153701 0.3 0.02 1.2 0.2 17.6 0.1 0.9 9.9 0.2 32
632818 2153701 1.1 0.03 1.3 0.2 14.3 0.1 0.6 7.3 0.2 43
632868 2153701 0.8 0.02 1.4 0.2 11.5 0.1 0.7 8.1 0.2 28
632918 2153701 1.8 0.05 1.9 0.2 17.7 0.1 1.0 10.0 0.4 39
632968 2153701 2.8 0.02 2.5 0.1 20.3 1.1 0.5 8.1 0.3 37
633018 2153701 1.5 0.02 3.4 0.2 13.1 0.1 0.6 7.3 0.2 57
633068 2153701 2.0 0.02 2.4 0.2 9.4 0.1 0.5 7.9 0.2 24
633118 2153701 2.2 0.03 2.3 0.2 10.2 0.0 0.5 10.2 0.3 28
633168 2153701 1.1 0.02 9.5 0.2 9.9 0.1 0.9 10.3 0.4 26
633218 2153701 1.8 0.01 5.0 0.1 11.2 0.2 1.0 11.7 0.4 22
633268 2153701 2.5 0.03 3.2 0.1 16.5 0.1 0.7 7.9 0.3 28
633318 2153701 3.0 0.03 1.7 0.2 13.5 0.1 0.4 8.9 0.3 28
633368 2153701 2.7 0.02 2.1 0.2 13.6 0.1 0.5 8.0 0.3 29
633418 2153701 2.3 0.02 2.6 0.2 11.9 0.2 0.4 11.4 0.3 24
633468 2153701 1.3 0.01 1.5 0.1 3.6 0.0 0.1 5.5 0.1 9
633518 2153701 2.1 0.02 2.4 0.2 8.1 0.0 0.4 8.8 0.2 18
633568 2153701 2.8 0.01 2.6 0.2 8.3 0.0 0.3 9.0 0.2 13
633618 2153701 1.3 0.02 1.8 0.1 9.2 0.0 0.5 7.9 0.2 25
633668 2153701 4.1 0.04 2.7 0.2 16.7 0.1 0.4 9.0 0.3 22
633718 2153701 0.8 0.02 7.5 0.1 10.4 0.1 0.9 10.1 0.6 27
633768 2153701 0.4 0.01 9.7 0.0 7.3 0.1 0.5 4.2 0.2 4
633818 2153701 0.3 0.02 23.4 1.3 27.2 0.1 1.6 9.3 1.0 18
633868 2153701 0.8 0.01 18.6 0.5 18.5 0.1 1.3 9.6 0.9 27
633918 2153701 1.9 0.02 7.6 0.3 14.0 0.0 0.8 10.7 0.6 26
633968 2153701 3.0 0.03 5.5 0.3 10.4 0.0 0.5 9.8 0.5 20
Caldera Project Soil Sample Locations and Results UTM NAD 83 Zone 14
UTM Easting (m) UTM Northing (m) Au (ppb) Ag (ppm) As (ppm) Bi (ppm) Cu (ppm) Hg (ppm) Mo (ppm) Pb (ppm) Sb (ppm) Zn (ppm)
634018 2153701 0.0 0.04 31.4 0.9 36.8 0.0 2.3 8.1 1.6 16
634068 2153701 1.4 0.02 1.8 0.1 4.3 0.0 0.2 5.4 0.2 12
634118 2153701 1.7 0.04 2.7 0.2 13.8 0.0 0.5 7.6 0.4 23
634168 2153701 1.5 0.01 1.9 0.2 6.2 0.0 0.2 8.7 0.2 15
634218 2153701 0.7 0.01 1.4 0.1 2.0 0.0 0.1 3.5 0.2 10
634268 2153701 1.5 0.03 9.6 0.4 19.3 0.0 0.5 9.0 0.5 30
634318 2153701 1.8 0.01 1.7 0.1 6.6 0.0 0.2 5.3 0.2 18
634368 2153701 1.5 0.01 3.1 0.2 12.3 0.0 0.3 7.1 0.4 19
634418 2153701 2.0 0.06 2.3 0.3 6.3 0.0 0.2 7.9 0.2 14
634468 2153701 2.9 0.02 3.2 0.3 9.1 0.0 0.3 9.4 0.3 22
634518 2153701 3.2 0.06 3.3 0.3 12.8 0.0 0.3 9.1 0.6 22
634568 2153701 1.9 0.01 2.7 0.3 8.9 0.0 0.3 7.7 0.3 16
634618 2153701 1.6 0.02 1.7 0.2 3.9 0.0 0.2 4.4 0.2 12
634668 2153701 1.3 0.01 2.2 0.2 4.2 0.0 0.2 4.1 0.3 14
634718 2153701 1.5 0.01 2.8 0.2 5.0 0.0 0.3 5.2 0.3 18
634768 2153701 3.8 0.03 28.2 2.1 15.5 0.0 1.7 8.9 1.0 17
634818 2153701 1.8 0.02 2.3 0.2 6.8 0.0 0.4 8.1 0.3 24
634868 2153701 1.1 0.02 1.9 0.2 4.3 0.0 0.2 6.6 0.2 18
634918 2153701 1.9 0.02 2.3 0.2 7.0 0.0 0.4 6.1 0.3 24
634968 2153701 0.9 0.02 1.8 0.2 4.4 0.0 0.2 5.6 0.2 16
635018 2153701 1.4 0.03 2.3 0.2 4.8 0.0 0.2 5.0 0.3 17
635068 2153701 1.3 0.03 2.4 0.2 6.3 0.0 0.3 5.5 0.3 17
635118 2153701 1.8 0.01 1.8 0.1 3.3 0.0 0.2 4.3 0.2 12
635168 2153701 0.7 0.01 1.4 0.1 1.7 0.0 0.1 3.1 0.2 8
635218 2153701 1.7 0.03 3.7 0.2 5.0 0.0 0.3 5.9 0.4 23
635268 2153701 1.9 0.02 2.5 0.2 3.4 0.0 0.2 5.1 0.3 13
635318 2153701 1.9 0.03 1.9 0.2 3.9 0.0 0.3 6.2 0.2 15
635368 2153701 1.7 0.03 1.9 0.2 3.9 0.0 0.3 6.0 0.2 16
635418 2153701 1.8 0.03 2.2 0.2 6.4 0.0 0.2 6.4 0.3 17
635468 2153701 2.8 0.04 3.0 0.1 13.2 0.1 0.2 5.1 0.6 16
635518 2153701 2.4 0.03 3.0 0.2 8.0 0.0 0.3 7.3 0.4 24
635568 2153701 1.3 0.02 1.7 0.1 4.1 0.0 0.1 3.6 0.3 12
631768 2154601 1.4 0.02 2.0 0.2 7.3 0.0 0.5 8.4 0.3 29
Caldera Project Soil Sample Locations and Results UTM NAD 83 Zone 14
UTM Easting (m) UTM Northing (m) Au (ppb) Ag (ppm) As (ppm) Bi (ppm) Cu (ppm) Hg (ppm) Mo (ppm) Pb (ppm) Sb (ppm) Zn (ppm)
631818 2154601 0.9 0.03 1.9 0.3 8.7 0.0 0.6 8.0 0.3 44
631868 2154601 1.6 0.03 2.2 0.3 9.8 0.0 0.5 9.3 0.3 39
631918 2154601 1.7 0.02 2.0 0.4 8.0 0.0 0.2 10.4 0.2 23
631968 2154601 2.2 0.03 2.5 0.3 6.5 0.0 0.4 9.2 0.3 32
632018 2154601 2.4 0.02 2.5 0.3 9.0 0.1 0.6 9.3 0.2 31
632068 2154601 2.3 0.02 2.2 0.4 9.3 0.0 0.3 11.1 0.2 20
632118 2154601 1.2 0.01 1.4 0.2 7.7 0.0 0.3 6.3 0.2 17
632168 2154601 2.3 0.02 2.1 0.3 6.7 0.1 0.7 8.2 0.2 23
632218 2154601 1.9 0.01 2.5 0.3 13.4 0.0 0.6 8.3 0.4 23
632268 2154601 0.9 0.01 8.5 0.2 7.6 0.0 0.6 7.8 0.7 17
632318 2154601 1.1 0.04 5.3 0.3 7.8 0.0 0.6 8.6 0.4 32
632368 2154601 0.3 0.02 10.7 0.2 26.2 0.0 0.9 8.1 0.5 45
632418 2154601 0.3 0.02 23.8 0.3 17.0 0.0 1.5 7.4 1.5 22
632468 2154601 1.7 0.01 5.0 0.3 12.2 0.0 0.7 6.5 0.7 18
632518 2154601 0.8 0.01 12.0 0.5 7.6 0.0 1.4 7.5 1.4 10
632568 2154601 3.2 0.04 9.3 1.3 11.3 0.2 1.4 10.5 1.4 22
632618 2154601 1.1 0.01 11.4 1.3 8.1 0.0 2.4 11.1 1.0 17
632668 2154601 0.7 0.02 4.5 0.8 14.8 0.1 0.8 5.2 0.6 20
632718 2154601 2.1 0.02 3.2 0.4 7.2 0.1 0.5 12.8 0.4 20
632768 2154601 2.1 0.02 2.6 0.3 5.8 0.0 0.4 8.8 0.3 19
632818 2154601 1.9 0.03 3.5 0.3 11.0 0.1 0.4 10.9 0.3 26
632868 2154601 1.9 0.01 2.6 0.3 4.6 0.0 0.7 8.2 0.3 21
632918 2154601 1.7 0.03 3.7 0.2 9.3 0.0 0.3 7.6 0.6 30
632968 2154601 0.9 0.03 4.5 0.3 10.4 0.0 0.3 8.4 0.6 9
633018 2154601 2.8 0.02 2.7 0.4 9.9 0.1 0.3 10.8 0.3 23
633068 2154601 1.0 0.00 1.6 0.2 3.2 0.0 0.2 6.1 0.2 15
633118 2154601 4.3 0.02 3.6 0.4 7.2 0.1 1.0 12.1 0.7 24
633168 2154601 2.3 0.02 7.0 1.7 5.7 0.0 7.2 14.7 2.1 17
633218 2154601 2.6 0.01 6.4 0.8 14.2 0.1 3.2 8.2 1.0 16
633268 2154601 2.1 0.02 4.1 1.4 9.0 0.0 1.5 7.4 0.5 14
633318 2154601 2.4 0.02 21.7 0.9 6.6 0.0 1.9 7.3 0.9 16
633368 2154601 1.5 0.02 16.6 1.0 8.4 0.0 6.0 8.7 1.4 10
633418 2154601 1.0 0.01 16.0 0.8 20.8 0.0 1.8 7.9 0.7 39
Caldera Project Soil Sample Locations and Results UTM NAD 83 Zone 14
UTM Easting (m) UTM Northing (m) Au (ppb) Ag (ppm) As (ppm) Bi (ppm) Cu (ppm) Hg (ppm) Mo (ppm) Pb (ppm) Sb (ppm) Zn (ppm)
633468 2154601 1.2 0.03 6.9 1.2 5.6 0.0 1.8 8.0 0.4 15
633518 2154601 1.0 0.01 10.0 0.4 12.5 0.0 1.6 7.8 0.5 12
633568 2154601 1.4 0.02 5.0 0.1 11.8 0.1 0.8 7.4 0.3 28
633618 2154601 1.9 0.01 1.5 0.2 9.3 0.1 0.3 6.5 0.2 16
633668 2154601 1.9 0.01 2.2 0.2 5.6 0.0 0.4 7.5 0.3 15
633718 2154601 1.0 0.04 7.2 0.1 13.2 0.1 1.5 11.1 0.7 8
633768 2154601 0.5 0.04 7.0 0.1 11.7 0.1 1.4 7.8 0.6 12
633818 2154601 2.5 0.03 2.1 0.1 11.1 0.0 0.3 6.2 0.4 20
633868 2154601 1.0 0.02 18.3 0.6 5.4 0.0 1.2 6.0 0.9 14
633918 2154601 1.4 0.02 6.3 0.2 6.3 0.1 0.6 6.0 0.5 17
633968 2154601 1.8 0.02 2.9 0.2 7.1 0.0 0.3 6.2 0.3 21
634018 2154601 1.6 0.03 2.9 0.2 6.3 0.0 0.3 6.2 0.3 20
631568 2154701 1.3 0.01 1.8 0.3 7.0 0.0 0.2 9.1 0.2 19
631618 2154701 2.2 0.02 3.5 0.3 12.0 0.0 0.3 9.9 0.3 28
631668 2154701 1.4 0.23 1.5 0.3 9.8 0.0 0.2 10.5 0.2 29
631718 2154701 1.2 0.07 1.3 0.4 8.6 0.0 0.1 10.0 0.2 27
631768 2154701 1.0 0.03 0.7 0.3 4.5 0.0 0.1 6.0 0.1 15
631818 2154701 1.8 0.04 1.3 0.2 8.4 0.0 0.4 7.9 0.3 30
631868 2154701 1.8 0.03 1.6 0.3 5.3 0.0 0.5 7.6 0.2 30
631918 2154701 1.2 0.03 1.6 0.3 6.3 0.0 0.4 8.8 0.2 28
631968 2154701 2.3 0.02 1.4 0.2 5.8 0.0 0.4 8.2 0.2 28
632018 2154701 1.3 0.02 1.3 0.3 3.1 0.0 0.4 7.1 0.2 18
632068 2154701 1.4 0.04 1.8 0.3 8.2 0.1 0.3 8.8 0.3 36
632118 2154701 1.8 0.01 1.1 0.2 4.9 0.0 0.3 7.2 0.2 21
632168 2154701 2.2 0.04 3.7 0.2 11.1 0.1 0.3 11.5 0.4 32
632218 2154701 1.6 0.02 1.8 0.2 7.8 0.0 0.4 7.1 0.2 19
632268 2154701 0.7 0.03 0.8 0.2 6.5 0.0 0.4 5.4 0.1 29
632318 2154701 0.9 0.03 1.7 0.2 8.6 0.1 0.4 7.5 0.2 34
632368 2154701 1.4 0.03 1.5 0.2 10.6 0.0 0.3 7.5 0.1 31
632418 2154701 1.3 0.01 0.7 0.2 3.0 0.0 0.1 4.2 0.1 9
632468 2154701 0.9 0.01 0.8 0.2 5.5 0.0 0.1 6.3 0.1 15
632518 2154701 1.6 0.01 1.3 0.2 4.6 0.0 0.2 5.6 0.2 12
632568 2154701 1.5 0.01 3.1 0.3 2.4 0.0 0.5 6.1 0.2 9
Caldera Project Soil Sample Locations and Results UTM NAD 83 Zone 14
UTM Easting (m) UTM Northing (m) Au (ppb) Ag (ppm) As (ppm) Bi (ppm) Cu (ppm) Hg (ppm) Mo (ppm) Pb (ppm) Sb (ppm) Zn (ppm)
632618 2154701 3.7 0.01 4.5 0.5 17.2 0.1 0.5 9.1 0.5 19
632668 2154701 1.7 0.00 0.9 0.1 1.9 0.0 0.1 2.4 0.1 12
632718 2154701 1.3 0.03 6.1 0.4 12.4 0.1 0.5 8.2 0.6 31
632768 2154701 2.4 0.03 2.7 0.3 6.2 0.0 0.6 7.3 0.4 19
632818 2154701 0.8 0.02 3.5 0.2 10.3 0.0 0.5 5.7 0.2 30
632868 2154701 2.3 0.02 2.8 0.3 10.5 0.1 0.5 8.7 0.3 27
632918 2154701 2.2 0.01 2.5 0.5 6.7 0.1 0.3 8.3 0.3 23
632968 2154701 2.2 0.03 2.0 0.3 9.5 0.0 0.2 10.9 0.2 28
633018 2154701 2.1 0.02 1.8 0.2 10.9 0.0 0.3 7.6 0.2 28
633068 2154701 1.7 0.02 1.5 0.1 7.4 0.0 0.2 5.1 0.2 17
633118 2154701 2.1 0.03 2.8 0.7 12.1 0.1 0.4 9.6 0.3 33
633168 2154701 4.9 0.03 6.3 1.3 13.5 0.1 1.0 14.2 0.5 31
633218 2154701 1.0 0.01 1.3 0.2 2.9 0.0 0.2 3.2 0.2 9
633268 2154701 1.1 0.01 0.9 0.2 3.7 0.0 0.1 4.2 0.1 9
633318 2154701 0.9 0.00 1.2 0.1 2.6 0.0 0.1 3.2 0.2 8
633368 2154701 14.0 0.06 19.3 1.9 31.7 0.2 12.1 17.9 0.6 11
633418 2154701 0.8 0.03 4.1 0.9 7.1 0.0 2.3 8.2 0.3 16
633468 2154701 0.5 0.04 8.1 1.1 15.3 0.0 2.0 8.8 0.3 16
633518 2154701 1.8 0.02 5.6 0.7 12.4 0.0 1.2 8.1 0.3 16
633568 2154701 1.1 0.02 1.8 0.2 9.0 0.1 0.2 6.1 0.1 25
633618 2154701 0.8 0.02 1.7 0.1 5.8 0.0 0.4 6.2 0.2 18
633668 2154701 1.7 0.02 2.4 0.2 7.8 0.1 0.5 8.5 0.2 24
633718 2154701 0.2 0.00 1.0 0.1 0.9 0.0 0.1 2.7 0.2 8
633768 2154701 1.0 0.01 1.5 0.1 3.7 0.0 0.2 4.6 0.2 11
633818 2154701 0.5 0.01 1.1 0.1 2.3 0.0 0.1 2.4 0.2 8
631668 2154801 2.3 0.01 2.6 0.2 10.3 0.0 0.3 7.3 0.2 27
631718 2154801 1.3 0.01 1.6 0.2 5.6 0.0 0.3 7.3 0.2 20
631768 2154801 1.0 0.01 1.3 0.3 4.8 0.0 0.1 7.3 0.2 15
631818 2154801 2.3 0.01 2.4 0.3 6.0 0.0 0.5 10.9 0.2 28
631868 2154801 1.8 0.02 1.4 0.2 7.5 0.1 0.8 7.9 0.1 24
631918 2154801 1.5 0.02 2.3 0.3 5.3 0.0 0.5 11.4 0.2 35
631968 2154801 1.3 0.01 1.9 0.2 5.8 0.0 0.4 8.1 0.2 25
632018 2154801 2.1 0.01 1.5 0.2 7.6 0.0 0.3 8.3 0.2 24
Caldera Project Soil Sample Locations and Results UTM NAD 83 Zone 14
UTM Easting (m) UTM Northing (m) Au (ppb) Ag (ppm) As (ppm) Bi (ppm) Cu (ppm) Hg (ppm) Mo (ppm) Pb (ppm) Sb (ppm) Zn (ppm)
632068 2154801 1.9 0.01 2.2 0.3 8.5 0.0 0.2 9.0 0.2 22
632118 2154801 1.4 0.03 2.3 0.3 10.9 0.0 0.3 12.1 0.2 33
632168 2154801 1.7 0.02 2.5 0.3 11.0 0.0 0.3 10.7 0.2 30
632218 2154801 2.9 0.01 1.8 0.2 8.2 0.0 0.2 8.0 0.2 26
632268 2154801 2.2 0.01 1.7 0.2 7.1 0.0 0.2 6.7 0.3 14
632318 2154801 1.9 0.02 1.7 0.2 9.4 0.0 0.3 7.4 0.2 33
632368 2154801 2.4 0.02 3.4 0.2 12.8 0.2 0.3 6.9 0.2 27
632418 2154801 2.1 0.02 1.8 0.1 13.8 0.7 0.6 8.7 0.3 25
632468 2154801 1.4 0.01 1.3 0.2 8.4 0.0 0.3 6.9 0.2 24
632518 2154801 0.9 0.01 18.5 0.5 9.3 0.0 1.2 7.6 0.7 10
632568 2154801 1.0 0.02 42.1 0.8 20.1 0.0 4.5 52.8 1.2 6
632618 2154801 1.1 0.02 33.8 1.4 29.3 0.0 3.1 20.4 0.6 18
632668 2154801 2.0 0.02 43.8 2.6 20.7 0.0 2.6 13.9 1.1 9
632718 2154801 2.2 0.01 11.4 1.5 13.9 0.0 1.7 6.9 0.4 23
632768 2154801 1.4 0.01 12.5 1.5 12.1 0.0 0.5 62.2 0.5 16
632818 2154801 2.5 0.02 2.4 0.2 7.3 0.0 0.3 6.9 0.2 22
632868 2154801 1.7 0.02 7.5 0.6 17.2 1.4 1.0 7.7 0.6 17
632918 2154801 2.8 0.01 3.3 0.5 9.8 0.1 0.3 11.2 0.3 21
632968 2154801 2.8 0.01 2.6 0.3 7.6 0.0 0.2 7.3 0.2 20
633018 2154801 3.1 0.01 1.9 0.3 13.2 0.1 0.3 13.9 0.4 22
633068 2154801 4.3 0.08 2.7 0.3 8.2 0.0 0.3 10.8 0.3 19
633118 2154801 2.7 0.01 1.9 0.3 2.9 0.0 0.4 8.0 0.2 14
633168 2154801 5.3 0.02 2.7 0.4 6.8 0.0 0.7 10.2 0.3 20
633218 2154801 2.4 0.01 2.4 0.3 6.5 0.0 0.3 7.6 0.3 14
633268 2154801 2.0 0.01 2.4 0.3 5.3 0.0 0.4 7.2 0.2 14
633318 2154801 3.4 0.02 18.4 2.1 26.6 0.0 18.3 51.0 1.1 39
633368 2154801 8.7 0.01 24.2 1.0 17.4 0.0 9.6 13.0 1.3 8
633418 2154801 2.0 0.01 2.6 0.3 4.0 0.0 2.5 9.1 0.3 17
633468 2154801 1.4 0.02 15.3 2.4 10.2 0.0 9.8 13.6 0.9 13
633518 2154801 0.7 0.04 9.0 1.2 7.9 0.0 4.6 14.7 0.8 18
633568 2154801 0.6 0.03 9.3 0.9 8.5 0.0 2.8 11.0 0.7 23
633618 2154801 1.1 0.03 8.6 0.9 7.8 0.0 2.1 11.0 0.6 25
633668 2154801 2.7 0.03 5.8 0.6 10.2 0.0 1.1 12.1 0.5 26
Caldera Project Soil Sample Locations and Results UTM NAD 83 Zone 14
UTM Easting (m) UTM Northing (m) Au (ppb) Ag (ppm) As (ppm) Bi (ppm) Cu (ppm) Hg (ppm) Mo (ppm) Pb (ppm) Sb (ppm) Zn (ppm)
633718 2154801 2.0 0.02 4.1 0.4 9.7 0.2 0.4 8.1 0.4 27
633768 2154801 1.9 0.02 3.7 0.3 12.9 0.2 0.6 9.6 0.3 21
633818 2154801 1.6 0.02 3.7 0.2 12.0 0.1 0.6 7.5 0.3 24
633868 2154801 1.3 0.01 1.8 0.1 6.6 0.0 0.2 5.3 0.3 11
633918 2154801 1.6 0.00 1.4 0.1 3.8 0.0 0.2 4.5 0.2 13
633968 2154801 1.2 0.01 1.8 0.1 3.8 0.0 0.2 4.3 0.2 10
630468 2155801 0.7 0.01 30.4 0.2 30.9 0.1 0.8 8.4 1.3 81
630518 2155801 1.4 0.01 8.8 0.3 7.1 0.0 0.7 6.8 0.4 18
630568 2155801 0.4 0.02 3.4 0.2 7.7 0.0 0.5 6.7 0.3 35
630618 2155801 1.1 0.05 5.6 0.2 20.7 0.3 0.9 22.6 0.4 97
630668 2155801 1.1 0.02 4.7 0.6 7.7 0.0 0.4 8.6 0.3 24
630718 2155801 2.5 0.01 5.9 1.5 12.1 0.0 0.5 11.9 0.6 23
630768 2155801 0.9 0.00 1.3 0.2 3.1 0.0 0.1 5.2 0.2 7
630818 2155801 3.4 0.01 15.3 1.0 8.9 0.0 1.1 9.2 1.3 13
630868 2155801 1.8 0.02 39.5 12.0 11.9 0.0 1.2 20.2 1.1 26
630918 2155801 2.7 0.01 15.4 0.6 10.7 0.0 1.7 9.3 1.4 18
630968 2155801 1.0 0.03 48.1 2.5 26.7 0.0 17.0 11.3 3.3 7
631018 2155801 0.7 0.03 39.6 1.7 8.1 0.0 15.3 12.5 4.5 11
631068 2155801 4.3 0.02 13.9 0.7 7.8 0.0 2.8 11.1 1.7 21
631118 2155801 2.6 0.02 3.9 0.3 9.3 0.0 0.6 8.7 0.4 27
631168 2155801 1.6 0.02 3.3 0.3 7.9 0.0 0.6 10.9 0.3 29
631218 2155801 2.8 0.01 3.2 0.4 5.1 0.0 0.4 11.7 0.3 28
631268 2155801 3.4 0.01 2.2 0.3 9.1 0.0 0.2 9.2 0.2 22
631318 2155801 3.1 0.01 2.4 0.3 6.3 0.0 0.4 9.5 0.3 27
631368 2155801 3.7 0.01 3.3 0.3 8.9 0.1 0.4 9.8 0.4 17
631418 2155801 1.9 0.00 1.7 0.2 5.4 0.0 0.2 6.0 0.2 8
631468 2155801 4.1 0.01 3.3 0.2 12.7 0.1 0.6 9.8 0.5 19
631518 2155801 2.3 0.02 5.2 0.4 5.0 0.0 0.9 8.7 0.9 27
631568 2155801 2.4 0.03 20.9 0.9 12.0 0.0 1.9 10.9 4.5 23
631618 2155801 2.4 0.02 4.4 0.2 9.1 0.0 0.3 6.8 0.5 20
631668 2155801 1.7 0.01 2.3 0.3 7.8 0.0 0.4 8.0 0.3 27
631718 2155801 1.7 0.02 2.7 0.3 9.6 0.0 0.6 9.0 0.3 32
631768 2155801 0.9 0.02 2.5 0.3 9.9 0.0 0.6 8.2 0.3 32
Caldera Project Soil Sample Locations and Results UTM NAD 83 Zone 14
UTM Easting (m) UTM Northing (m) Au (ppb) Ag (ppm) As (ppm) Bi (ppm) Cu (ppm) Hg (ppm) Mo (ppm) Pb (ppm) Sb (ppm) Zn (ppm)
631818 2155801 1.7 0.02 10.4 0.3 10.3 0.0 0.8 8.4 0.7 30
631868 2155801 1.5 0.02 5.1 0.2 6.8 0.0 0.6 8.2 0.7 20
631918 2155801 1.1 0.01 1.6 0.2 4.4 0.0 0.2 5.1 0.2 13
631968 2155801 1.5 0.01 1.6 0.2 3.8 0.0 0.1 6.3 0.3 15
632018 2155801 2.0 0.02 2.0 0.2 6.8 0.0 0.3 7.9 0.3 23
632068 2155801 2.4 0.02 2.3 0.3 9.2 0.0 0.4 9.3 0.3 32
632118 2155801 2.1 0.02 2.1 0.2 8.9 0.0 0.4 8.4 0.3 33
632168 2155801 2.2 0.02 2.1 0.3 8.3 0.0 0.3 8.4 0.3 28
632218 2155801 2.1 0.02 2.5 0.3 9.9 0.0 0.4 8.5 0.3 30
632268 2155801 3.0 0.02 2.2 0.2 7.8 0.0 0.4 8.0 0.3 29
632318 2155801 2.2 0.01 1.4 0.2 5.0 0.0 0.4 6.1 0.2 21
632368 2155801 2.1 0.02 3.1 0.2 9.1 0.0 0.5 6.8 0.3 30
632418 2155801 1.3 0.02 2.5 0.2 6.9 0.0 0.4 7.1 0.2 24
632468 2155801 3.2 0.01 2.1 0.2 8.0 0.0 0.3 8.0 0.3 30
632518 2155801 2.7 0.01 2.2 0.2 8.1 0.0 0.4 7.7 0.3 20
632568 2155801 2.1 0.01 3.0 0.3 8.0 0.0 0.4 9.1 0.3 22
629418 2156601 1.0 0.01 6.0 0.2 12.6 0.0 0.9 7.3 0.4 38
629468 2156601 2.2 0.02 3.1 0.3 9.4 0.0 0.8 9.3 0.3 29
629518 2156601 0.4 0.04 3.7 0.3 12.1 0.0 0.9 6.9 0.2 47
629568 2156601 0.6 0.02 7.8 0.2 8.5 0.0 1.3 6.0 0.2 31
629618 2156601 0.6 0.02 4.0 0.2 6.4 0.0 0.9 6.6 0.2 37
629668 2156601 1.5 0.02 5.0 0.2 6.1 0.0 0.6 10.5 0.2 29
629718 2156601 0.9 0.01 2.4 0.2 5.0 0.0 0.5 11.0 0.2 29
629768 2156601 1.0 0.01 2.2 0.3 2.9 0.0 0.7 7.2 0.2 19
629818 2156601 1.0 0.02 15.4 0.3 10.0 0.0 1.1 8.9 0.4 17
629868 2156601 1.8 0.02 18.6 0.5 24.5 0.3 1.2 7.7 0.7 6
629918 2156601 1.4 0.17 6.9 1.0 12.3 0.0 1.3 12.8 0.3 23
629968 2156601 2.6 0.02 7.1 1.3 9.9 0.0 2.5 9.9 0.5 16
630018 2156601 0.9 0.01 6.3 1.1 8.0 0.0 1.5 8.0 0.3 15
630068 2156601 4.3 0.00 3.4 1.4 6.7 0.1 3.1 13.5 0.3 30
630118 2156601 4.6 0.00 3.2 1.1 9.0 0.1 2.0 11.5 0.3 27
630168 2156601 1.6 0.00 4.4 1.5 4.3 0.0 8.9 12.4 0.3 22
630218 2156601 1.5 0.00 2.7 0.6 3.0 0.0 2.1 10.9 0.2 25
Caldera Project Soil Sample Locations and Results UTM NAD 83 Zone 14
UTM Easting (m) UTM Northing (m) Au (ppb) Ag (ppm) As (ppm) Bi (ppm) Cu (ppm) Hg (ppm) Mo (ppm) Pb (ppm) Sb (ppm) Zn (ppm)
630268 2156601 14.4 0.00 28.3 1.2 10.6 0.1 5.7 14.2 0.5 22
630318 2156601 1.9 0.00 3.9 0.4 5.9 0.0 0.9 8.5 0.2 19
630368 2156601 1.9 0.00 2.8 0.6 4.6 0.0 1.7 10.3 0.2 24
630418 2156601 2.2 0.00 2.4 0.3 3.5 0.0 0.4 8.4 0.2 15
630468 2156601 1.8 0.00 2.8 0.3 4.4 0.0 0.5 9.2 0.2 22
630518 2156601 0.9 0.00 5.6 1.4 10.3 0.0 1.9 10.7 0.3 21
630568 2156601 7.2 0.00 14.1 1.3 17.1 0.0 56.9 15.7 0.5 7
630618 2156601 5.7 0.00 22.1 2.1 14.6 0.1 32.4 14.0 0.5 7
630668 2156601 3.0 0.00 5.3 0.9 5.5 0.0 5.1 14.9 0.2 19
630718 2156601 2.1 0.00 2.7 0.3 4.4 0.0 1.2 8.5 0.2 26
630768 2156601 1.3 0.00 2.0 0.3 9.9 0.1 0.3 7.1 0.1 19
630818 2156601 2.1 0.00 20.9 1.7 11.7 0.0 11.3 10.5 0.6 15
630868 2156601 1.2 0.00 8.2 0.1 18.5 0.0 0.6 7.5 0.5 99
630918 2156601 1.6 0.00 15.0 0.6 11.3 0.0 1.7 31.6 0.9 23
630968 2156601 1.3 0.00 3.0 0.3 8.3 0.0 0.3 8.8 0.3 24
631018 2156601 0.9 0.00 2.5 0.4 7.3 0.0 0.2 9.9 0.2 22
631068 2156601 0.9 0.00 2.4 0.4 8.3 0.0 0.3 10.5 0.2 28
631118 2156601 0.3 0.00 2.0 0.1 2.2 0.0 0.1 4.3 0.2 15
631168 2156601 0.7 0.00 2.2 0.2 5.1 0.0 0.4 7.4 0.2 30
631218 2156601 1.8 0.01 2.3 0.3 8.1 0.0 0.4 8.1 0.2 34
631268 2156601 1.0 0.00 2.5 0.2 7.0 0.0 0.3 6.8 0.3 30
631318 2156601 0.8 0.00 2.3 0.2 8.7 0.0 0.4 7.4 0.2 34
631368 2156601 1.0 0.01 3.1 0.2 12.3 0.0 0.8 9.2 0.2 43
631418 2156601 1.2 0.00 2.7 0.3 10.1 0.0 0.7 7.9 0.2 34
631468 2156601 0.8 0.01 1.9 0.2 6.7 0.0 0.4 7.8 0.2 32
631518 2156601 0.5 0.00 2.4 0.2 6.8 0.0 0.4 7.4 0.2 30
632868 2152701 1.0 0.03 5.7 0.2 18.7 0.2 1.6 7.2 0.2 35
632918 2152701 0.8 0.02 2.3 0.2 14.2 0.1 0.6 12.4 0.3 32
632968 2152701 1.8 0.01 3.2 0.1 22.2 0.6 0.6 6.4 0.2 16
633018 2152701 0.9 0.02 5.0 0.1 24.2 0.2 1.1 9.0 0.4 16
633068 2152701 0.9 0.01 2.1 0.2 6.9 0.0 0.5 10.2 0.2 25
633118 2152701 2.0 0.00 3.1 0.4 8.0 0.1 0.5 9.4 0.3 27
633168 2152701 1.9 0.00 2.6 0.3 4.5 0.0 0.4 8.0 0.3 18
Caldera Project Soil Sample Locations and Results UTM NAD 83 Zone 14
UTM Easting (m) UTM Northing (m) Au (ppb) Ag (ppm) As (ppm) Bi (ppm) Cu (ppm) Hg (ppm) Mo (ppm) Pb (ppm) Sb (ppm) Zn (ppm)
633218 2152701 2.8 0.01 3.5 0.2 9.5 0.1 0.3 15.2 0.4 19
633268 2152701 1.5 0.00 2.6 0.3 5.0 0.0 0.3 7.5 0.2 17
633318 2152701 2.2 0.00 3.1 0.4 7.8 0.0 0.3 9.4 0.3 17
633368 2152701 3.6 0.00 4.1 0.4 10.6 0.1 0.8 11.9 0.5 28
633418 2152701 1.8 0.00 2.3 0.2 7.0 0.0 0.3 7.5 0.3 18
633468 2152701 1.9 0.00 2.7 0.3 7.3 0.0 0.4 9.6 0.3 30
633518 2152701 0.5 0.00 3.1 0.3 6.6 0.0 0.6 9.4 0.3 32
633568 2152701 0.6 0.00 2.6 0.3 5.9 0.0 0.4 8.3 0.2 22
633618 2152701 1.4 0.00 2.4 0.2 8.7 0.0 0.2 6.3 0.3 16
633668 2152701 0.8 0.02 8.1 2.5 9.5 0.2 1.2 13.1 1.3 27
633718 2152701 0.7 0.02 5.6 0.2 23.9 0.1 1.2 10.5 0.5 42
633768 2152701 0.9 0.02 7.1 0.3 31.0 0.1 1.1 8.4 0.4 35
633818 2152701 1.2 0.03 15.9 0.2 32.4 0.1 0.9 8.2 0.7 63
633868 2152701 2.0 0.02 9.6 0.6 9.5 0.0 0.6 7.8 0.8 23
633918 2152701 0.9 0.01 11.4 0.5 16.2 0.1 1.2 9.2 0.9 14
633968 2152701 0.6 0.01 25.1 2.0 21.2 0.1 2.1 8.7 1.0 13
634018 2152701 0.8 0.03 10.9 0.4 24.6 0.1 1.3 8.4 0.5 18
634068 2152701 0.7 0.02 16.4 0.5 11.6 0.1 2.9 17.5 0.8 6
634118 2152701 0.9 0.03 12.1 0.4 14.0 0.0 1.1 10.7 0.6 21
634168 2152701 1.0 0.05 13.6 0.6 24.2 0.1 1.2 4.7 0.4 82
634218 2152701 1.2 0.01 5.5 0.5 14.5 0.0 0.7 5.9 0.4 24
634268 2152701 1.1 0.01 4.5 0.6 9.7 0.0 0.6 6.8 0.4 20
634318 2152701 1.8 0.01 5.2 0.6 9.1 0.0 0.6 6.0 0.4 16
634368 2152701 1.5 0.02 5.0 0.6 12.0 0.0 0.5 7.0 0.4 22
634418 2152701 1.5 0.02 4.7 0.8 14.6 0.0 0.8 7.8 0.4 37
634468 2152701 1.8 0.01 2.7 0.3 9.5 0.0 0.4 7.3 0.2 25
634518 2152701 0.6 0.01 2.6 0.1 3.4 0.0 0.1 2.9 0.2 13
634568 2152701 1.9 0.02 2.5 0.3 6.3 0.0 0.4 7.0 0.2 25
634618 2152701 2.7 0.01 2.7 0.3 7.7 0.0 0.4 7.8 0.3 25
634668 2152701 1.4 0.03 1.7 0.2 6.1 0.0 0.2 5.0 0.2 9
634718 2152701 2.0 0.01 2.9 0.2 6.8 0.0 0.1 5.4 0.3 10
634768 2152701 1.4 0.01 2.0 0.2 4.3 0.0 0.2 4.4 0.2 11
634818 2152701 1.1 0.00 1.5 0.1 3.7 0.0 0.2 4.3 0.2 12
Caldera Project Soil Sample Locations and Results UTM NAD 83 Zone 14
UTM Easting (m) UTM Northing (m) Au (ppb) Ag (ppm) As (ppm) Bi (ppm) Cu (ppm) Hg (ppm) Mo (ppm) Pb (ppm) Sb (ppm) Zn (ppm)
634868 2152701 1.0 0.01 1.6 0.1 4.7 0.0 0.1 3.6 0.2 11
634918 2152701 1.0 0.01 2.0 0.2 5.7 0.0 0.2 4.6 0.2 14
634968 2152701 0.9 0.01 2.2 0.1 5.5 0.0 0.3 3.9 0.3 16
632868 2154201 1.9 0.01 2.4 0.3 12.1 0.0 0.3 8.1 0.2 20
632918 2154201 2.3 0.00 2.7 0.3 3.9 0.0 0.3 7.5 0.2 12
632968 2154201 0.9 0.00 5.7 0.2 9.2 0.0 1.1 7.7 0.3 14
633018 2154201 2.6 0.01 3.4 0.2 19.1 0.0 0.5 7.1 0.4 15
633068 2154201 1.2 0.00 3.3 0.2 5.9 0.0 0.5 7.0 0.2 16
633118 2154201 1.7 0.00 3.7 0.3 8.2 0.1 0.8 9.4 0.3 19
633168 2154201 1.8 0.02 1.9 0.1 12.2 0.0 0.5 5.2 0.2 13
633218 2154201 4.2 0.01 5.0 0.4 12.7 0.3 0.7 13.9 0.5 21
633268 2154201 3.0 0.00 2.7 0.3 9.4 0.0 0.3 9.2 0.2 14
633318 2154201 1.9 0.02 19.3 0.2 17.4 0.2 1.3 9.8 0.7 79
633368 2154201 1.0 0.02 9.6 0.1 17.6 0.4 1.1 6.3 0.3 158
633418 2154201 0.6 0.02 19.5 0.1 17.2 0.1 1.8 11.3 0.6 27
633468 2154201 1.5 0.01 5.1 0.2 6.7 0.1 0.7 7.3 0.3 15
633518 2154201 2.4 0.01 3.0 0.2 6.2 0.0 0.4 6.2 0.3 18
633568 2154201 1.6 0.03 5.6 0.2 22.8 0.3 0.7 8.5 0.3 26
633618 2154201 2.0 0.01 2.1 0.2 13.3 0.0 0.2 6.4 0.2 15
633668 2154201 2.3 0.01 2.9 0.4 3.4 0.0 0.3 7.4 0.2 12
633718 2154201 2.7 0.01 4.0 0.3 9.9 0.0 0.3 8.4 0.2 16
633768 2154201 2.2 0.03 3.0 0.2 14.5 0.0 0.4 6.1 0.3 17
633818 2154201 2.2 0.01 15.7 0.2 14.9 0.0 0.8 9.4 0.6 25
633868 2154201 1.6 0.01 21.3 0.2 21.3 0.1 0.9 9.4 1.2 61
633918 2154201 1.1 0.02 28.4 0.1 21.4 0.0 1.0 6.4 1.6 16
633968 2154201 1.2 0.01 23.7 0.7 14.9 0.0 0.9 6.7 1.4 27
634018 2154201 1.8 0.01 3.3 0.2 5.8 0.0 0.2 4.8 0.3 15
634068 2154201 1.5 0.01 7.5 0.2 7.1 0.0 0.4 5.3 0.4 18
634118 2154201 1.5 0.02 4.4 0.3 7.6 0.0 0.3 6.3 0.2 18
634168 2154201 1.7 0.02 15.9 0.9 7.2 0.0 1.1 7.9 0.5 28
634218 2154201 3.5 0.02 30.6 0.9 12.0 0.0 3.1 6.1 1.2 66
634268 2154201 16.3 0.02 15.8 0.9 6.6 0.0 2.5 7.0 1.0 17
634318 2154201 4.9 0.08 25.2 17.7 13.7 0.0 2.3 9.6 0.7 45
Caldera Project Soil Sample Locations and Results UTM NAD 83 Zone 14
UTM Easting (m) UTM Northing (m) Au (ppb) Ag (ppm) As (ppm) Bi (ppm) Cu (ppm) Hg (ppm) Mo (ppm) Pb (ppm) Sb (ppm) Zn (ppm)
634368 2154201 2.2 0.02 7.1 0.6 9.8 0.0 0.8 6.8 0.3 46
634418 2154201 2.8 0.02 2.3 0.3 6.7 0.0 0.3 7.6 0.3 28
634468 2154201 0.9 0.01 1.1 0.1 2.3 0.0 0.1 2.6 0.2 6
634518 2154201 2.6 0.02 2.2 0.3 5.6 0.0 0.3 7.6 0.2 20
634568 2154201 1.7 0.02 2.3 0.2 7.6 0.0 0.3 6.3 0.2 22
634618 2154201 1.4 0.02 2.9 0.2 11.4 0.0 0.4 6.6 0.2 17
634668 2154201 2.2 0.02 2.3 0.2 8.0 0.0 0.3 7.4 0.3 22
634718 2154201 1.4 0.02 1.7 0.2 5.8 0.0 0.3 7.3 0.2 20
634768 2154201 1.4 0.04 1.9 0.2 8.5 0.0 0.3 12.3 0.3 32
634818 2154201 1.7 0.03 2.0 0.2 8.1 0.0 0.3 8.4 0.3 27
634868 2154201 1.8 0.02 1.7 0.2 5.8 0.0 0.3 4.9 0.2 16
634918 2154201 1.0 0.02 1.6 0.2 5.1 0.0 0.3 5.7 0.2 19
634968 2154201 4.3 0.02 4.0 0.4 7.8 0.0 0.6 6.8 0.3 23
635018 2154201 1.1 0.03 4.3 0.4 7.3 0.0 0.8 7.3 0.3 22
635068 2154201 0.8 0.03 4.1 0.3 8.2 0.0 0.7 7.6 0.3 36
628968 2157001 2.0 0.07 16.9 6.4 10.7 0.1 3.2 28.2 0.8 21
629018 2157001 3.4 0.05 5.7 0.7 14.3 0.1 1.2 11.0 0.3 42
629068 2157001 3.0 0.06 8.9 2.9 9.1 0.1 2.7 18.0 0.4 29
629118 2157001 0.9 0.03 8.4 1.1 14.5 0.0 5.6 23.3 0.3 22
629168 2157001 2.4 0.06 4.7 1.1 9.4 0.1 1.3 9.4 0.2 18
629218 2157001 1.9 0.07 7.6 1.8 11.7 0.1 1.6 10.0 0.3 21
629268 2157001 1.5 0.06 3.8 0.4 21.5 0.1 1.3 10.5 0.2 45
629318 2157001 4.2 0.02 6.1 0.9 10.4 0.1 2.2 14.1 0.4 23
629368 2157001 1.6 0.02 9.0 4.4 10.2 0.0 5.1 11.1 0.5 7
629418 2157001 3.7 0.01 14.3 1.7 17.8 0.1 5.9 13.4 0.4 0
629468 2157001 1.7 0.02 9.3 1.1 14.1 0.0 3.1 13.4 0.4 12
629518 2157001 2.0 0.01 2.5 0.4 7.1 0.0 0.5 8.2 0.3 19
629568 2157001 2.2 0.02 3.8 0.6 8.9 0.0 0.7 10.7 0.4 27
629618 2157001 1.0 0.05 3.3 0.2 29.6 0.0 0.9 7.3 0.2 56
629668 2157001 0.8 0.03 4.2 0.3 14.5 0.0 1.4 8.3 0.2 31
629718 2157001 1.7 0.05 6.0 1.2 21.9 0.0 3.1 17.8 0.2 21
629768 2157001 1.3 0.02 13.2 0.9 11.2 0.0 6.9 13.0 0.3 13
629818 2157001 1.7 0.02 13.2 0.9 11.8 0.0 12.6 10.3 0.3 4
Caldera Project Soil Sample Locations and Results UTM NAD 83 Zone 14
UTM Easting (m) UTM Northing (m) Au (ppb) Ag (ppm) As (ppm) Bi (ppm) Cu (ppm) Hg (ppm) Mo (ppm) Pb (ppm) Sb (ppm) Zn (ppm)
629868 2157001 1.1 0.02 6.4 0.6 10.3 0.0 10.9 14.4 0.2 17
629918 2157001 2.6 0.02 9.5 0.8 11.3 0.0 6.3 13.4 0.7 21
629968 2157001 2.4 0.04 7.9 0.7 9.2 0.1 1.6 12.8 0.9 29
630018 2157001 2.4 0.03 7.3 1.3 7.0 0.1 1.5 21.1 0.6 30
630068 2157001 3.1 0.03 5.6 1.9 7.1 0.1 2.0 19.8 0.5 18
630118 2157001 2.9 0.01 11.0 1.9 5.1 0.0 4.9 25.0 0.5 22
630168 2157001 4.6 0.01 4.3 0.5 9.2 0.1 1.4 14.3 0.3 26
630218 2157001 2.3 0.00 3.9 0.5 5.0 0.0 1.3 14.7 0.3 24
630268 2157001 1.4 0.01 4.9 0.7 4.4 0.0 1.8 17.9 0.3 27
630318 2157001 4.9 0.01 6.6 1.5 5.2 0.1 2.4 17.8 0.4 28
630368 2157001 6.4 0.02 4.8 1.1 7.1 0.1 2.5 12.9 0.3 21
630418 2157001 3.3 0.01 23.4 0.6 10.4 0.0 11.3 14.5 0.7 15
630468 2157001 2.6 0.09 11.4 2.0 22.9 0.1 1.3 21.2 0.2 18
630518 2157001 1.6 0.01 3.1 0.5 4.4 0.0 1.1 11.9 0.2 20
630568 2157001 6.2 0.01 3.2 0.3 10.6 0.1 0.5 11.3 0.3 22
630618 2157001 2.4 0.02 2.1 0.3 5.8 0.0 0.2 9.5 0.2 26
630668 2157001 3.3 0.02 3.4 0.4 5.7 0.0 1.0 12.2 0.4 27
630718 2157001 2.6 0.00 6.8 1.0 4.2 0.0 1.1 15.1 0.3 33
630768 2157001 0.9 0.01 29.7 1.8 12.4 0.0 4.5 12.3 0.5 12
630818 2157001 1.7 0.02 33.9 0.8 42.6 0.0 2.3 13.0 0.4 6
630868 2157001 0.8 0.01 22.2 3.0 12.3 0.0 2.2 7.4 0.6 12
630918 2157001 0.7 0.02 15.7 1.1 14.7 0.0 1.2 7.5 0.4 11
630968 2157001 0.8 0.02 14.0 0.3 15.2 0.0 0.5 6.8 0.2 47
631018 2157001 0.7 0.02 28.7 0.6 26.0 0.1 0.6 6.6 0.6 5
631068 2157001 0.7 0.02 10.9 0.3 11.9 0.1 0.7 7.7 0.3 29
631118 2157001 0.7 0.02 13.0 0.2 17.8 0.0 0.6 9.3 0.3 67
631168 2157001 0.8 0.03 10.4 0.3 16.0 0.3 0.8 9.5 0.7 25
631218 2157001 0.6 0.02 9.0 0.1 17.7 0.1 1.0 8.3 0.4 30
631268 2157001 1.6 0.02 6.6 0.2 12.1 0.1 0.7 8.5 0.4 23
631318 2157001 2.5 0.01 2.0 0.1 14.9 0.1 0.5 6.9 0.2 182
631368 2157001 0.5 0.03 9.6 0.1 14.2 0.1 1.3 8.1 0.2 33
631418 2157001 0.9 0.02 5.6 0.1 19.4 0.1 0.7 6.0 0.3 16
631468 2157001 2.0 0.02 2.8 0.3 9.4 0.0 0.5 8.3 0.3 30
Caldera Project Soil Sample Locations and Results UTM NAD 83 Zone 14
UTM Easting (m) UTM Northing (m) Au (ppb) Ag (ppm) As (ppm) Bi (ppm) Cu (ppm) Hg (ppm) Mo (ppm) Pb (ppm) Sb (ppm) Zn (ppm)
628968 2157201 1.9 0.02 9.0 0.6 9.6 0.0 1.0 14.3 0.4 47
629018 2157201 2.2 0.01 22.4 0.8 10.2 0.0 2.1 19.0 0.8 26
629068 2157201 2.2 0.02 4.8 0.4 10.2 0.0 0.6 12.3 0.3 30
629118 2157201 2.0 0.02 5.0 0.4 11.1 0.0 0.5 10.9 0.3 33
629168 2157201 2.1 0.01 3.4 0.3 9.2 0.0 0.4 9.7 0.3 29
629218 2157201 1.5 0.01 5.0 0.4 8.9 0.0 0.6 11.3 0.4 37
629268 2157201 1.1 0.06 6.2 1.0 9.4 0.1 1.3 15.1 0.6 28
629318 2157201 2.9 0.09 11.0 0.6 5.1 0.1 0.8 27.6 1.8 33
629368 2157201 0.3 0.02 5.9 1.3 4.4 0.0 3.5 14.6 0.8 16
629418 2157201 3.0 0.02 16.8 1.8 9.4 0.1 3.0 17.1 2.6 9
629468 2157201 1.4 0.01 7.7 1.3 6.3 0.0 1.6 11.3 0.6 19
629518 2157201 1.7 0.00 6.1 0.6 5.9 0.0 1.2 9.6 0.4 23
629568 2157201 0.9 0.02 5.7 0.5 11.9 0.0 1.1 9.0 0.3 48
629618 2157201 1.1 0.02 6.7 0.7 8.5 0.1 1.1 11.2 0.3 32
629668 2157201 3.0 0.01 6.9 0.7 8.4 0.1 0.9 14.7 0.4 34
629718 2157201 1.4 0.01 9.3 0.9 6.8 0.1 0.7 14.2 0.4 22
629768 2157201 5.4 0.03 21.7 2.4 33.8 0.1 2.6 23.1 1.0 14
629818 2157201 1.0 0.01 27.4 4.3 24.7 0.0 2.9 20.1 1.3 17
629868 2157201 3.3 0.00 3.0 0.4 10.7 0.0 0.7 10.0 0.4 30
629918 2157201 1.7 0.00 4.2 0.8 6.4 0.0 1.4 13.4 0.4 31
629968 2157201 2.2 0.00 3.2 0.4 8.3 0.0 0.6 8.9 0.3 21
630018 2157201 1.6 0.01 9.7 0.3 22.1 0.0 1.8 9.5 0.4 37
630068 2157201 8.8 0.04 31.5 6.4 14.0 0.0 20.9 38.2 0.5 12
630118 2157201 4.6 0.01 5.8 0.8 8.6 0.0 10.2 16.5 0.4 25
630168 2157201 3.9 0.01 4.1 0.5 8.2 0.1 1.1 10.9 0.3 24
630218 2157201 1.4 0.01 6.8 1.0 7.1 0.1 1.3 13.0 1.7 26
630268 2157201 6.9 0.02 6.4 1.0 15.1 0.1 1.4 15.5 0.6 29
630318 2157201 2.0 0.04 6.7 0.6 19.4 0.1 2.2 19.4 0.4 22
630368 2157201 3.8 0.00 3.0 0.5 10.9 0.1 0.8 13.0 0.3 17
630418 2157201 4.3 0.00 3.3 0.4 6.2 0.0 0.7 12.1 0.3 27
630468 2157201 1.2 0.01 7.4 0.5 7.1 0.0 0.6 7.2 0.3 16
630518 2157201 1.8 0.01 17.5 1.6 10.8 0.0 0.6 7.6 0.5 17
630568 2157201 1.4 0.01 21.9 2.0 13.5 0.0 0.7 9.6 0.6 20
Caldera Project Soil Sample Locations and Results UTM NAD 83 Zone 14
UTM Easting (m) UTM Northing (m) Au (ppb) Ag (ppm) As (ppm) Bi (ppm) Cu (ppm) Hg (ppm) Mo (ppm) Pb (ppm) Sb (ppm) Zn (ppm)
630618 2157201 3.0 0.02 20.7 1.9 13.5 0.0 0.7 8.0 0.7 22
630668 2157201 1.4 0.02 8.3 1.0 10.7 0.0 2.5 10.4 0.3 18
630718 2157201 2.5 0.02 3.7 0.4 7.1 0.0 1.0 10.2 0.2 30
630768 2157201 1.2 0.02 47.4 1.3 14.8 0.0 1.7 10.9 0.6 14
630818 2157201 1.0 0.01 15.9 0.5 6.4 0.0 0.9 8.6 0.6 19
630868 2157201 0.7 0.01 42.4 0.5 12.9 0.0 1.5 6.2 1.6 16
630918 2157201 1.3 0.01 20.4 0.8 13.2 0.0 0.7 10.0 0.5 24
630968 2157201 2.4 0.03 30.6 0.5 20.9 0.1 1.0 11.5 0.8 36
631018 2157201 1.5 0.03 5.1 0.2 9.1 0.0 0.4 7.8 0.3 41
631068 2157201 1.8 0.01 3.8 0.2 8.0 0.0 0.5 6.9 0.3 32
631118 2157201 3.7 0.01 2.7 0.3 8.6 0.0 0.4 7.1 0.3 21
631168 2157201 2.9 0.01 5.3 0.2 6.9 0.1 0.5 9.8 0.5 21
631218 2157201 1.5 0.00 1.2 0.2 3.7 0.0 0.1 5.2 0.2 8
631268 2157201 0.9 0.02 9.8 0.1 12.2 0.1 0.6 9.7 0.8 30
631318 2157201 0.9 0.02 6.6 0.1 15.1 0.1 0.7 7.8 0.6 25
631368 2157201 2.7 0.02 3.4 0.3 10.4 0.1 0.5 8.2 0.5 31
631418 2157201 1.9 0.02 3.3 0.3 8.1 0.2 0.3 8.3 0.5 23
631468 2157201 3.8 0.01 4.0 0.3 11.4 0.1 0.7 12.7 0.5 31
628968 2157401 0.9 0.02 32.7 2.0 10.6 0.0 4.7 15.2 1.0 11
629018 2157401 2.4 0.01 15.7 1.0 8.6 0.0 1.2 12.7 0.4 26
629068 2157401 3.9 0.00 4.5 0.5 4.7 0.0 1.0 10.7 0.5 24
629118 2157401 3.0 0.01 2.4 0.2 6.0 0.0 0.5 7.7 0.5 25
629168 2157401 2.0 0.01 2.7 0.3 7.3 0.0 0.5 8.6 0.3 33
629218 2157401 2.2 0.01 2.4 0.3 7.6 0.0 0.3 8.4 0.4 25
629268 2157401 1.8 0.01 1.6 0.2 10.7 0.0 0.3 9.0 0.3 35
629318 2157401 1.3 0.02 12.5 0.7 10.4 0.0 1.7 10.1 0.5 28
629368 2157401 1.9 0.01 2.4 0.3 6.5 0.0 0.4 8.6 0.3 30
629418 2157401 2.3 0.01 3.2 0.3 7.8 0.0 0.5 10.3 0.4 35
629468 2157401 3.2 0.01 3.4 0.3 6.2 0.0 0.6 9.7 0.2 34
629518 2157401 2.4 0.01 3.7 0.3 7.1 0.0 0.5 9.5 0.3 37
629568 2157401 0.8 0.02 2.5 0.3 7.7 0.0 0.4 8.1 0.3 37
629618 2157401 0.9 0.02 3.2 0.1 26.4 0.0 0.5 4.5 0.2 62
629668 2157401 0.9 0.03 9.9 0.7 6.6 0.1 1.7 11.9 0.4 23
Caldera Project Soil Sample Locations and Results UTM NAD 83 Zone 14
UTM Easting (m) UTM Northing (m) Au (ppb) Ag (ppm) As (ppm) Bi (ppm) Cu (ppm) Hg (ppm) Mo (ppm) Pb (ppm) Sb (ppm) Zn (ppm)
629718 2157401 1.5 0.02 8.9 1.5 4.3 0.1 1.2 10.3 0.5 17
629768 2157401 3.6 0.01 5.2 0.6 6.7 0.1 0.7 13.8 0.4 23
629818 2157401 2.4 0.01 11.4 0.5 7.4 0.1 1.0 10.7 0.5 21
629868 2157401 4.7 0.00 4.6 0.7 9.3 0.1 0.6 9.8 0.3 21
629918 2157401 3.8 0.00 3.6 0.4 7.6 0.0 1.1 10.8 0.3 26
629968 2157401 1.2 0.01 2.8 0.4 7.8 0.0 0.4 9.3 0.2 33
630018 2157401 2.1 0.01 3.1 0.4 6.6 0.0 0.7 9.9 0.3 35
630068 2157401 2.3 0.01 5.1 0.7 4.9 0.0 1.1 10.2 0.3 24
630118 2157401 2.9 0.01 2.2 0.3 7.4 0.1 0.3 8.4 0.3 17
630168 2157401 1.0 0.01 5.3 0.6 17.3 0.0 0.5 5.6 0.2 21
630218 2157401 1.1 0.01 2.1 0.2 14.1 0.0 0.5 5.5 0.2 30
630268 2157401 1.1 0.01 2.0 0.3 6.1 0.0 0.3 7.4 0.2 19
630318 2157401 1.2 0.02 3.0 0.2 7.5 0.0 0.6 7.8 0.2 21
630368 2157401 1.4 0.02 4.7 0.2 27.8 0.0 0.7 5.9 0.2 37
630418 2157401 0.7 0.03 4.2 0.3 12.5 0.0 0.4 8.6 0.2 38
630468 2157401 1.0 0.02 3.2 0.2 10.9 0.0 0.8 7.4 0.4 39
630518 2157401 1.3 0.02 3.3 0.3 15.4 0.0 0.6 9.3 0.3 45
630568 2157401 1.7 0.01 6.5 0.7 11.6 0.1 1.0 11.2 0.8 26
630618 2157401 1.9 0.01 4.5 0.5 9.6 0.0 1.0 9.9 0.9 25
630668 2157401 2.4 0.01 3.0 0.4 5.0 0.0 1.9 5.0 0.2 6
630718 2157401 0.8 0.05 9.3 0.4 14.2 0.0 1.0 7.5 0.3 32
630768 2157401 0.9 0.03 7.5 0.3 14.8 0.0 0.9 8.7 0.3 28
630818 2157401 0.3 0.03 9.7 0.2 14.4 0.0 0.6 7.9 0.2 54
630868 2157401 1.1 0.02 6.9 0.3 10.1 0.0 0.8 7.7 0.3 25
630918 2157401 1.1 0.00 1.4 0.2 3.4 0.0 0.1 5.0 0.2 10
630968 2157401 0.9 0.00 2.0 0.3 5.1 0.0 0.2 7.8 0.2 14
631018 2157401 0.4 0.01 2.2 0.2 15.6 0.0 0.2 9.0 0.2 24
631068 2157401 0.9 0.01 3.6 0.2 7.8 0.0 0.6 7.4 0.2 24
631118 2157401 1.3 0.00 1.9 0.3 4.3 0.0 0.5 7.5 0.2 28
631168 2157401 1.5 0.02 5.8 0.3 9.9 0.0 0.6 8.1 0.4 29
631218 2157401 0.8 0.01 2.2 0.3 7.3 0.0 0.4 10.4 0.2 23
631268 2157401 1.2 0.02 1.8 0.3 5.9 0.0 0.3 9.8 0.2 18
631318 2157401 0.9 0.02 2.3 0.3 7.0 0.0 0.3 10.7 0.2 24
Caldera Project Soil Sample Locations and Results UTM NAD 83 Zone 14
UTM Easting (m) UTM Northing (m) Au (ppb) Ag (ppm) As (ppm) Bi (ppm) Cu (ppm) Hg (ppm) Mo (ppm) Pb (ppm) Sb (ppm) Zn (ppm)
631368 2157401 1.0 0.01 1.9 0.2 5.1 0.0 0.3 8.3 0.2 19
631418 2157401 1.3 0.04 2.0 0.2 12.5 0.1 0.4 6.9 0.2 31
631468 2157401 0.8 0.03 3.0 0.3 10.7 0.1 0.5 8.8 0.3 34
631318 2154198 4.4 0.03 2.4 0.3 7.6 0.1 0.9 9.1 0.3 25
631368 2154198 5.3 0.04 1.7 0.2 8.7 0.1 0.7 8.8 0.4 22
631418 2154198 3.1 0.01 1.7 0.2 8.0 0.0 0.3 7.1 0.3 22
631468 2154198 1.3 0.02 1.9 0.2 5.8 0.0 0.8 5.9 0.2 22
631518 2154198 2.3 0.01 1.6 0.2 5.2 0.0 0.3 6.7 0.3 19
631568 2154198 4.3 0.02 2.2 0.3 7.5 0.0 0.4 10.1 0.2 25
631618 2154198 2.9 0.02 2.1 0.3 5.4 0.0 0.5 7.8 0.2 46
631668 2154198 3.4 0.02 2.7 0.3 6.3 0.0 0.6 10.1 0.3 33
631718 2154198 2.6 0.02 1.9 0.3 7.8 0.0 0.4 9.1 0.3 29
631768 2154198 4.9 0.02 2.9 0.3 5.6 0.1 0.5 10.1 0.2 31
631818 2154198 1.9 0.01 1.5 0.2 5.4 0.0 0.3 7.1 0.2 21
631868 2154198 3.2 0.01 1.7 0.2 7.5 0.0 0.3 7.9 0.3 25
631918 2154198 3.2 0.01 2.3 0.2 4.5 0.0 0.4 9.8 0.2 28
631968 2154198 2.2 0.01 2.4 0.2 4.7 0.0 0.5 10.3 0.2 30
632018 2154198 4.0 0.02 2.8 0.3 7.6 0.1 0.5 12.1 0.3 28
632068 2154198 2.3 0.02 6.0 0.4 5.6 0.1 0.7 7.1 0.4 27
632118 2154198 4.8 0.03 3.2 0.3 7.0 0.1 0.6 11.9 0.3 33
632168 2154198 1.5 0.03 1.7 0.3 9.4 0.0 0.4 9.1 0.1 46
632218 2154198 1.8 0.02 1.7 0.2 6.3 0.0 0.4 7.8 0.1 33
632268 2154198 1.4 0.01 0.9 0.1 6.4 0.0 0.3 7.0 0.2 21
632318 2154198 2.0 0.01 1.2 0.1 6.7 0.0 0.3 6.0 0.2 21
632368 2154198 3.8 0.03 2.1 0.2 14.1 0.1 0.8 9.1 0.4 28
632418 2154198 1.9 0.02 2.0 0.2 8.7 0.0 0.6 8.0 0.3 25
632468 2154198 2.6 0.03 2.6 0.1 10.1 0.1 1.0 11.4 0.4 28
632518 2154198 1.0 0.01 1.5 0.1 9.0 0.0 0.7 10.3 0.2 25
632568 2154198 0.6 0.02 6.0 0.2 8.3 0.0 1.2 6.0 0.4 19
632618 2154198 1.6 0.02 2.7 0.1 14.8 0.0 0.6 8.0 0.3 44
632668 2154198 1.8 0.02 2.4 0.2 7.6 0.0 0.5 9.3 0.2 26
632718 2154198 2.9 0.03 2.4 0.2 12.7 0.1 0.4 6.3 0.4 21
628968 2156798 1.2 0.02 7.9 0.3 13.7 0.0 1.0 10.1 0.3 15
Caldera Project Soil Sample Locations and Results UTM NAD 83 Zone 14
UTM Easting (m) UTM Northing (m) Au (ppb) Ag (ppm) As (ppm) Bi (ppm) Cu (ppm) Hg (ppm) Mo (ppm) Pb (ppm) Sb (ppm) Zn (ppm)
629018 2156798 0.7 0.02 4.8 0.2 26.4 0.0 1.0 7.1 0.3 51
629068 2156798 1.5 0.06 11.5 0.4 10.5 0.1 1.1 8.7 0.4 23
629118 2156798 3.5 0.02 12.8 1.2 25.1 0.2 16.8 13.2 0.5 2
629168 2156798 0.6 0.03 8.3 1.1 8.8 0.0 1.6 10.0 0.4 18
629218 2156798 3.9 0.05 17.0 1.7 12.8 0.1 3.1 18.8 0.5 19
629268 2156798 3.5 0.07 11.2 2.1 14.6 0.2 4.0 15.7 0.5 15
629318 2156798 0.6 0.02 6.5 1.2 9.9 0.0 2.2 12.8 0.3 15
629368 2156798 3.6 0.01 3.0 0.3 11.0 0.0 1.0 9.1 0.4 37
629418 2156798 5.8 0.03 9.9 0.7 16.4 0.1 1.3 12.8 0.6 33
629468 2156798 1.9 0.03 10.3 0.9 13.3 0.1 1.6 12.4 0.5 23
629518 2156798 1.2 0.02 18.4 2.5 23.5 0.0 5.1 13.3 0.8 11
629568 2156798 0.9 0.02 7.5 0.8 14.6 0.0 2.6 11.0 0.5 17
629618 2156798 2.7 0.12 67.6 0.1 34.9 0.0 3.6 136.0 2.7 135
629668 2156798 1.2 0.02 25.1 1.3 16.7 0.1 1.5 9.8 0.7 17
629718 2156798 0.5 0.02 13.4 2.0 8.8 0.0 1.5 7.4 0.7 7
629768 2156798 2.1 0.03 12.9 1.1 7.0 0.1 1.6 10.7 0.6 19
629818 2156798 3.0 0.01 5.4 0.6 5.3 0.1 1.5 9.2 0.5 16
629868 2156798 0.4 0.01 14.4 1.8 6.5 0.0 1.7 7.2 0.6 11
629918 2156798 1.2 0.01 5.3 0.7 4.9 0.0 1.9 7.6 0.4 19
629968 2156798 2.1 0.02 4.0 0.6 6.8 0.1 1.7 21.9 0.3 31
630018 2156798 3.0 0.01 7.0 0.9 6.3 0.1 3.8 13.6 0.5 29
630068 2156798 4.0 0.01 4.1 0.6 8.7 0.1 1.1 12.6 0.4 28
630118 2156798 1.3 0.01 7.9 1.8 9.4 0.0 2.3 28.3 0.4 13
630168 2156798 1.0 0.02 1.4 0.1 28.4 0.0 0.8 3.9 0.1 65
630218 2156798 7.1 0.04 58.4 0.9 31.6 0.0 13.5 52.7 0.8 27
630268 2156798 4.7 0.02 13.7 1.8 15.9 0.1 6.8 17.6 0.6 13
630318 2156798 2.3 0.04 10.6 3.8 7.7 0.0 3.4 22.1 0.5 11
630368 2156798 3.5 0.05 21.6 2.2 11.3 0.0 33.2 38.4 0.7 11
630418 2156798 16.7 0.03 25.8 5.3 8.5 0.1 47.9 36.1 0.7 8
630468 2156798 3.9 0.01 8.8 1.3 11.9 0.0 6.9 13.5 0.4 18
630518 2156798 2.7 0.01 12.3 1.1 12.7 0.0 6.5 17.5 0.4 13
630568 2156798 14.3 0.07 24.4 0.2 85.7 0.0 98.4 63.1 1.0 459
630618 2156798 5.6 0.02 12.5 0.5 20.6 0.0 19.9 23.9 0.7 81
Caldera Project Soil Sample Locations and Results UTM NAD 83 Zone 14
UTM Easting (m) UTM Northing (m) Au (ppb) Ag (ppm) As (ppm) Bi (ppm) Cu (ppm) Hg (ppm) Mo (ppm) Pb (ppm) Sb (ppm) Zn (ppm)
630668 2156798 5.5 0.02 19.9 1.6 22.8 0.0 6.8 13.1 0.6 12
630718 2156798 1.0 0.02 9.7 0.8 10.0 0.0 5.7 10.8 0.3 16
630768 2156798 1.3 0.08 14.6 2.8 14.3 0.0 3.6 10.7 0.7 13
630818 2156798 2.0 0.03 13.8 0.8 23.3 0.1 1.0 11.3 0.4 12
630868 2156798 2.6 0.02 5.4 0.5 7.5 0.0 0.8 7.8 0.4 22
630918 2156798 1.8 0.01 10.7 0.5 20.4 0.0 0.8 7.3 0.5 42
630968 2156798 1.3 0.02 15.8 0.8 12.5 0.0 1.8 5.3 0.7 12
631018 2156798 2.4 0.02 12.0 1.4 17.1 0.0 0.9 8.1 0.6 25
631068 2156798 1.5 0.01 2.2 0.2 6.4 0.0 0.3 5.2 0.3 24
631118 2156798 0.7 0.01 1.1 0.1 3.6 0.0 0.2 2.5 0.2 11
631168 2156798 4.0 0.02 15.8 0.9 22.9 0.0 14.9 13.9 0.8 41
631218 2156798 1.1 0.01 14.1 0.1 20.2 0.1 1.6 6.8 1.3 10
631268 2156798 3.2 0.02 3.4 0.2 12.6 0.0 0.7 9.1 0.4 32
631318 2156798 2.3 0.02 2.5 0.2 11.8 0.0 0.6 7.9 0.3 34
631368 2156798 3.0 0.01 2.4 0.2 9.1 0.0 0.5 8.1 0.3 26
631418 2156798 2.6 0.02 7.3 0.1 20.9 0.2 0.9 7.6 0.9 33
631468 2156798 2.9 0.03 6.1 0.1 18.7 0.0 3.3 21.8 1.0 0
631518 2156798 3.4 0.02 2.7 0.2 11.7 0.0 0.5 8.7 0.4 37
631568 2156798 2.5 0.02 2.1 0.2 15.4 0.0 0.4 8.2 0.3 33
APPENDIX C: ALS CHEMEX QA/QC FOR WHOLE ROCK GEOCHEMISTRY
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APPENDIX D: PCIGR U-PB GEOCHRONOLOGY DATA
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Concordia plots for samples 3003,3006 and 3007
Concordia plots for samples CDO,CB-1 and 24-2
Concordia plots for samples COAH-1, COAH-17 and 15-1
Concordia plots for samples COAH-12, COAH-15 AND TG-3
Concordia plots for samples COAH-6, COAH-10 and Panuco
Concordia plots for samples QTO, PB-1 and SC-1
PCIGR U-Pb GEOCHRONOLOGY ANALYTICAL DATA
Analysis Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
COAH-1-1 0.04648 0.00339 0.04174 0.00299 0.00673 0.00011
COAH-1-2 0.05713 0.00439 0.05453 0.0041 0.007 0.00014
COAH-1-3 0.04521 0.00324 0.04116 0.0029 0.00674 0.00011
COAH-1-4 0.05167 0.00369 0.04669 0.00327 0.00683 0.00013
COAH-1-5 0.03725 0.0118 0.03322 0.01045 0.00665 0.00028
COAH-1-6 0.0359 0.00753 0.03426 0.00714 0.00689 0.0002
COAH-1-7 0.04775 0.00608 0.04588 0.00575 0.00723 0.0002
COAH-1-8 0.06177 0.00979 0.05522 0.00859 0.00677 0.00024
COAH-1-9 0.03657 0.01805 0.03447 0.01695 0.00701 0.00034
COAH-1-10 0.0745 0.02918 0.06598 0.0254 0.00673 0.00054
COAH-1-11 0.04078 0.01456 0.03957 0.01404 0.00684 0.00033
COAH-1-12 0.0611 0.01705 0.05648 0.01559 0.00686 0.00033
15-1-1 0.07315 0.00287 1.60253 0.06411 0.15976 0.0015
15-1-2 0.07107 0.00283 1.5057 0.0612 0.15766 0.00151
15-1-3 0.07086 0.00285 1.57287 0.06473 0.16408 0.00159
15-1-4 0.07323 0.00296 1.61756 0.0669 0.16552 0.00161
15-1-5 0.0819 0.0035 2.28506 0.10477 0.20113 0.00223
15-1-6 0.05158 0.00318 0.33853 0.02146 0.0464 0.00074
15-1-7 0.07395 0.00319 1.50873 0.0674 0.14945 0.0016
15-1-8 0.07321 0.00337 1.72815 0.08686 0.17506 0.0022
15-1-9 0.07933 0.00358 2.31968 0.11123 0.20935 0.0024
15-1-10 0.07872 0.00357 2.15396 0.10305 0.2089 0.00239
15-1-11 0.08117 0.00375 2.20819 0.10895 0.1989 0.00237
15-1-12 0.075 0.00339 1.80106 0.0828 0.17853 0.0019
COAH-17-1 0.04427 0.0034 0.03962 0.00305 0.00664 0.00013
COAH-17-2 0.04534 0.00596 0.04178 0.00546 0.00656 0.00018
COAH-17-3 0.05971 0.01045 0.05569 0.00961 0.00666 0.00027
COAH-17-4 0.05844 0.00722 0.048 0.00584 0.00586 0.00019
COAH-17-5 0.04304 0.00792 0.04094 0.00748 0.00699 0.00024
COAH-17-6 0.04351 0.00386 0.03876 0.00345 0.00642 0.00014
COAH-17-7 0.04981 0.00796 0.04756 0.00748 0.00681 0.00028
COAH-17-8 0.0872 0.01371 0.07727 0.0116 0.00647 0.00039
COAH-17-9 0.0476 0.00631 0.04499 0.00595 0.0066 0.00019
COAH-17-10 0.06223 0.00991 0.05783 0.00912 0.00627 0.00024
COAH-17-11 0.04177 0.00862 0.03995 0.00819 0.0067 0.00025
COAH-17-12 0.04822 0.00807 0.04111 0.00683 0.00626 0.00023
COAH-6-1 0.04665 0.00296 0.03187 0.00198 0.00495 0.00008
COAH-6-2 0.04663 0.00268 0.03252 0.00183 0.00503 0.00007
COAH-6-3 0.04426 0.00263 0.03059 0.00177 0.00509 0.00008
COAH-6-4 0.0399 0.00446 0.0261 0.00288 0.00482 0.0001
COAH-6-5 0.04814 0.00337 0.03381 0.00231 0.00512 0.00009
COAH-6-6 0.04526 0.00358 0.02946 0.00229 0.00475 0.00009
COAH-6-7 0.04772 0.00358 0.03028 0.00222 0.00465 0.00008
COAH-6-8 0.0297 0.00693 0.01972 0.00458 0.00497 0.00013
COAH-6-9 0.04845 0.00172 0.03052 0.00106 0.00458 0.00005
COAH-6-10 0.05086 0.0039 0.03631 0.00271 0.00517 0.00011
COAH-6-11 0.04798 0.0017 0.03015 0.00105 0.00456 0.00005
Isotopic Ratios and one sigma errors
PCIGR U-Pb GEOCHRONOLOGY ANALYTICAL DATA
Analysis Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
Isotopic Ratios and one sigma errors
COAH-6-12 0.05005 0.00238 0.03296 0.00152 0.00469 0.00007
COAH-6-13 0.05146 0.00267 0.0323 0.00163 0.00457 0.00007
COAH-6-14 0.04931 0.00531 0.03241 0.00343 0.00485 0.00012
COAH-6-15 0.05094 0.00242 0.03252 0.00151 0.0046 0.00006
COAH-6-16 0.05288 0.00213 0.03322 0.00131 0.00459 0.00005
COAH-6-17 0.04378 0.00206 0.02809 0.00131 0.01264 0.00016
COAH-6-18 0.04349 0.00208 0.02729 0.0013 0.01058 0.00014
COAH-6-19 0.04381 0.00262 0.02697 0.00159 0.00467 0.00007
COAH-6-20 0.04629 0.0032 0.03026 0.00205 0.0048 0.00009
COAH-6-21 0.04433 0.00218 0.02793 0.00137 0.01145 0.00016
COAH-6-22 0.04548 0.00275 0.02936 0.00175 0.00533 0.0001
COAH-6-23 0.04393 0.00211 0.02808 0.00135 0.04174 0.00055
COAH-6-24 0.04657 0.00228 0.03053 0.00149 0.01691 0.00023
COAH-6-25 0.05721 0.00357 0.03465 0.00211 0.00462 0.00009
COAH-6-26 0.04354 0.00249 0.02783 0.00158 0.00527 0.00008
COAH-6-27 0.04007 0.00261 0.0261 0.00169 0.00497 0.00008
COAH-6-28 0.04436 0.00235 0.02841 0.00151 0.00814 0.00012
COAH-10-1 0.05364 0.00271 0.32282 0.01667 0.04403 0.00057
COAH-10-2 0.05288 0.00269 0.3228 0.01681 0.04337 0.00056
COAH-10-3 0.05351 0.00283 0.3185 0.01726 0.04356 0.0006
COAH-10-4 0.05215 0.00296 0.31608 0.01842 0.04466 0.00068
COAH-10-5 0.05161 0.00306 0.30774 0.01874 0.04266 0.00067
COAH-10-6 0.05274 0.0032 0.32721 0.02044 0.04409 0.00071
COAH-10-7 0.048 0.00319 0.29073 0.01985 0.04441 0.00076
COAH-10-8 0.05139 0.00379 0.29651 0.02245 0.04107 0.00079
COAH-10-9 0.05104 0.00338 0.31926 0.02192 0.04504 0.00085
COAH-10-10 0.05441 0.00325 0.29686 0.01827 0.04014 0.00064
COAH-10-11 0.05205 0.00342 0.32292 0.0218 0.04467 0.0007
COAH-10-12 0.05051 0.00286 0.31199 0.01816 0.04436 0.00062
PANUCO-1 0.06564 0.00357 0.05444 0.00287 0.00621 0.0001
PANUCO-2 0.04444 0.00289 0.03687 0.00235 0.00604 0.0001
PANUCO-3 0.04729 0.00246 0.03937 0.00201 0.00598 0.00009
PANUCO-4 0.04643 0.00268 0.03984 0.00225 0.00626 0.0001
PANUCO-5 0.04522 0.00554 0.0396 0.00479 0.00629 0.00016
PANUCO-6 0.05063 0.00262 0.04324 0.00219 0.00641 0.00009
PANUCO-7 0.04489 0.00257 0.0396 0.00223 0.0064 0.0001
PANUCO-8 0.04576 0.00866 0.03632 0.00677 0.00583 0.00023
PANUCO-9 0.04899 0.00228 0.03966 0.00181 0.00587 0.00008
PANUCO-10 0.04687 0.00184 0.03809 0.00147 0.00585 0.00006
PANUCO-11 0.04808 0.00179 0.04027 0.00148 0.00602 0.00006
PANUCO-12 0.04919 0.0029 0.03939 0.00227 0.0058 0.0001
PANUCO-13 0.05013 0.00354 0.04168 0.00288 0.00602 0.00012
PANUCO-14 0.04224 0.00366 0.03504 0.00299 0.00608 0.00012
PANUCO-15 0.04497 0.00252 0.03931 0.00217 0.00624 0.00009
PANUCO-16 0.05059 0.00395 0.0421 0.00319 0.00598 0.00014
PANUCO-17 0.04463 0.00232 0.03623 0.00184 0.00611 0.00009
PANUCO-18 0.04621 0.00245 0.03873 0.00202 0.00627 0.00009
PANUCO-19 0.04444 0.00296 0.03605 0.00235 0.00603 0.0001
PCIGR U-Pb GEOCHRONOLOGY ANALYTICAL DATA
Analysis Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
Isotopic Ratios and one sigma errors
PANUCO-20 0.04777 0.00263 0.04039 0.00218 0.00636 0.0001
PANUCO-21 0.04497 0.00237 0.03848 0.00199 0.00643 0.00009
PANUCO-22 0.05062 0.00332 0.04373 0.00277 0.00643 0.00014
PANUCO-23 0.05053 0.00244 0.0414 0.00197 0.00606 0.00008
PANUCO-24 0.04708 0.00259 0.03958 0.00214 0.00636 0.0001
PANUCO-25 0.04505 0.00268 0.03835 0.00222 0.00662 0.00012
PANUCO-26 0.05217 0.0054 0.04363 0.00441 0.00617 0.00016
PANUCO-27 0.04782 0.00273 0.04206 0.00236 0.0066 0.00011
PANUCO-28 0.04716 0.00338 0.04028 0.00283 0.00637 0.00012
CDO-1 0.04245 0.0042 0.04148 0.00405 0.00712 0.00015
CDO-2 0.04369 0.00276 0.04038 0.00251 0.00673 0.00011
CDO-3 0.04818 0.00522 0.04368 0.00466 0.00656 0.00016
CDO-4 0.05753 0.0142 0.05275 0.01277 0.00665 0.00038
CDO-5 0.05055 0.00745 0.04377 0.00632 0.00644 0.00024
CDO-6 0.05755 0.00837 0.05595 0.00799 0.00683 0.00024
CDO-7 0.0404 0.00768 0.03882 0.0073 0.00705 0.00025
CDO-8 0.0484 0.00431 0.0446 0.00391 0.00666 0.00014
CDO-9 0.04529 0.00402 0.04287 0.00375 0.00679 0.00014
CDO-10 0.0446 0.00772 0.03967 0.00677 0.00682 0.00025
CDO-11 0.04967 0.00717 0.18234 0.02647 0.02609 0.00079
CDO-12 0.04581 0.00283 0.04164 0.00253 0.00651 0.0001
CDO-13 0.04619 0.00332 0.043 0.00305 0.00672 0.00012
CDO-14 0.04509 0.00301 0.04127 0.00272 0.00668 0.00012
CDO-15 0.04873 0.00386 0.04409 0.00342 0.00665 0.00012
CDO-16 0.04022 0.00228 0.037 0.00206 0.00682 0.00009
CDO-17 0.04341 0.00263 0.04107 0.00244 0.0069 0.00011
CDO-18 0.04495 0.00288 0.04119 0.00258 0.0068 0.00011
CDO-19 0.04833 0.0028 0.04453 0.00252 0.00689 0.00011
CDO-20 0.04521 0.00238 0.04053 0.00208 0.0068 0.0001
CDO-21 0.04524 0.00207 0.04102 0.00184 0.00673 0.00009
CDO-22 0.04543 0.00672 0.04415 0.00645 0.00731 0.0002
CDO-23 0.04827 0.00246 0.04367 0.00218 0.00673 0.0001
CDO-24 0.04292 0.00272 0.03992 0.00248 0.00682 0.00011
CDO-25 0.04377 0.00226 0.17072 0.00882 0.02881 0.00046
CDO-26 0.04482 0.002 0.0411 0.0018 0.00818 0.0001
CB-1-1 0.1741 0.051 0.03283 0.00873 0.00133 0.00017
CB-1-2 0.05223 0.01331 0.01029 0.00258 0.00137 0.00006
CB-1-3 0.04707 0.01138 0.00931 0.00223 0.00143 0.00006
CB-1-4 0.0374 0.02075 0.00775 0.00428 0.0015 0.00008
CB-1-5 0.0479 0.01176 0.00856 0.00208 0.00129 0.00005
CB-1-6 0.06132 0.01392 0.01087 0.00242 0.00127 0.00006
CB-1-7 0.09567 0.02572 0.01871 0.00489 0.00139 0.00009
CB-1-8 0.04499 0.0039 0.00841 0.00072 0.00134 0.00003
CB-1-9 0.04005 0.03802 0.00923 0.00873 0.00165 0.00014
CB-1-10 0.06192 0.01358 0.0122 0.00263 0.0014 0.00006
CB-1-11 0.04148 0.01186 0.0078 0.00222 0.00133 0.00005
CB-1-12 0.09183 0.02679 0.01744 0.00494 0.00138 0.0001
CB-1-13 0.07464 0.01615 0.01267 0.00266 0.0012 0.00007
PCIGR U-Pb GEOCHRONOLOGY ANALYTICAL DATA
Analysis Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
Isotopic Ratios and one sigma errors
CB-1-14 0.03506 0.01267 0.00634 0.00228 0.00129 0.00005
CB-1-15 0.06714 0.012 0.01345 0.00235 0.00142 0.00006
CB-1-16 0.0263 0.01499 0.00541 0.00307 0.00148 0.00007
24-2-1 0.05189 0.00518 0.294 0.02992 0.04297 0.00109
24-2-2 0.05233 0.00377 0.30512 0.02243 0.04314 0.00084
24-2-3 -0.08455 0.08428 -0.02247 0.02201 0.00193 0.00036
24-2-4 0.10004 0.03914 0.03964 0.01519 0.00281 0.00023
24-2-5 -0.38374 0.28016 -0.07354 0.04328 0.00139 0.0006
24-2-6 0.05141 0.20292 0.01249 0.04898 0.00197 0.00088
24-2-7 0.08073 0.08295 0.02817 0.02826 0.00258 0.00059
24-2-8 0.02791 0.08487 0.00837 0.0254 0.00229 0.00049
24-2-9 0.07529 0.05478 0.02489 0.01787 0.00246 0.0003
24-2-10 0.05588 0.03969 0.01868 0.01315 0.00244 0.00024
24-2-11 0.07185 0.0039 1.54047 0.08656 0.16094 0.00238
24-2-12 0.07069 0.00406 1.68048 0.10473 0.16282 0.0027
24-2-13 0.08075 0.00508 2.05055 0.15291 0.18516 0.00385
24-2-14 0.07692 0.0044 2.15255 0.13116 0.20158 0.00322
24-2-15 0.07077 0.00411 1.60858 0.09868 0.16542 0.00267
24-2-16 0.10068 0.04667 0.04392 0.0199 0.00294 0.00031
24-2-17 0.06906 0.0022 1.44266 0.04931 0.15851 0.00155
24-2-18 0.06612 0.00219 1.602 0.0586 0.17278 0.00179
24-2-19 0.07745 0.00233 2.09021 0.06617 0.1973 0.00174
24-2p 0.07389 0.00241 1.99178 0.07206 0.20438 0.0021
QTO-1 0.10294 0.04535 0.0246 0.01046 0.00188 0.00022
QTO-2 0.10383 0.18269 0.08129 0.14007 0.00537 0.00204
QTO-3 0.38356 0.30985 0.16723 0.10123 0.00344 0.00186
QTO-4 0.72965 1.27025 0.45164 0.47221 0.00341 0.00484
QTO-5 0.10359 0.69421 0.02727 0.17856 0.00226 0.00324
QTO-6 0.25146 2.02436 0.0162 0.11217 0.0006 0.00247
QTO-7 0.05587 0.015 0.01215 0.00321 0.00159 0.00008
QTO-8 0.05004 0.00626 0.01979 0.0024 0.00299 0.0001
QTO-9 0.04557 0.00422 0.02097 0.0019 0.0033 0.00008
QTO-10 0.00761 0.0552 0.00254 0.01843 0.00251 0.00034
QTO-11 0.07674 0.19031 0.01561 0.03808 0.00175 0.00079
QTO-12 0.07282 0.03533 0.03357 0.01595 0.00338 0.00035
QTO-13 -0.03317 0.17436 -0.01073 0.05625 0.00245 0.00091
QTO-14 -0.16673 0.1583 -0.02397 0.02137 0.00113 0.00037
QTO-15 0.04601 0.14972 0.01163 0.03771 0.00179 0.00052
QTO-16 0.04638 0.00769 0.00965 0.00158 0.00154 0.00005
PB-1-1 0.05419 0.02565 0.02023 0.00948 0.0028 0.00019
PB-1-2 0.03895 0.02695 0.01404 0.00967 0.00276 0.0002
PB-1-3 0.04094 0.0325 0.01577 0.01248 0.00271 0.00019
PB-1-4 0.06292 0.01822 0.02313 0.0066 0.0027 0.00015
PB-1-5 -0.05151 0.08953 -0.01999 0.03456 0.00303 0.00056
PB-1-6 -0.16683 0.08806 -0.07881 0.04015 0.00339 0.0005
PB-1-7 0.05929 0.1467 0.02443 0.05996 0.00336 0.00107
PB-1-8 0.06852 0.09275 0.0388 0.05198 0.00443 0.00091
PCIGR U-Pb GEOCHRONOLOGY ANALYTICAL DATA
Analysis Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
Isotopic Ratios and one sigma errors
PB-1-9 -0.03106 0.09559 -0.01169 0.0359 0.00282 0.00054
PB-1-10 0.04112 0.01641 0.01683 0.00667 0.00293 0.00015
PB-1-11 0.08191 0.02466 0.03186 0.00925 0.00283 0.00025
PB-1-12 0.11699 0.02529 0.04443 0.00902 0.00271 0.00022
PB-1-13 -0.00746 0.05178 -0.00343 0.02381 0.00329 0.00037
PB-1-14 0.04768 0.05367 0.02104 0.02351 0.00338 0.00048
PB-1-15 0.05243 0.01585 0.01987 0.00595 0.00268 0.00013
PB-1-16 0.03128 0.01613 0.01033 0.0053 0.00243 0.00013
SC-1-1 0.05304 0.00639 0.05005 0.00596 0.00672 0.0002
SC-1-2 0.05717 0.00605 0.23449 0.02501 0.02951 0.00073
SC-1-3 0.05002 0.00494 0.04062 0.00402 0.00579 0.00012
SC-1-4 0.05186 0.01048 0.04196 0.00837 0.006 0.00026
SC-1-5 0.06128 0.00681 0.04817 0.00533 0.00578 0.00014
SC-1-6 0.04655 0.00628 0.04137 0.00555 0.00651 0.00019
SC-1-7 0.38274 0.0749 0.48345 0.08372 0.00996 0.00107
SC-1-8 0.0503 0.00899 0.04007 0.0071 0.0059 0.00022
SC-1-9 0.05148 0.00613 0.04138 0.00493 0.00576 0.00015
SC-1-10 0.05321 0.00618 0.0428 0.00498 0.00583 0.00014
SC-1-11 0.05867 0.00709 0.04765 0.00576 0.00586 0.00015
SC-1-12 0.04928 0.00612 0.04119 0.00512 0.00602 0.00016
COAH-12-1 0.07151 0.05067 0.02983 0.02064 0.00308 0.0005
COAH-12-2 0.04382 0.01065 0.02016 0.00485 0.00336 0.00013
COAH-12-3 0.06063 0.02464 0.0251 0.0101 0.00316 0.0002
COAH-12-4 0.03934 0.0094 0.02162 0.00513 0.00396 0.00014
COAH-12-5 0.043 0.00385 0.02148 0.00191 0.00375 0.00008
COAH-12-6 0.03762 0.00368 0.01942 0.00189 0.00383 0.00008
COAH-12-7 0.03771 0.00369 0.01839 0.00179 0.00369 0.00008
COAH-12-8 0.03878 0.00526 0.0195 0.00263 0.00375 0.00009
COAH-12-9 0.05905 0.01519 0.03383 0.00857 0.00426 0.00022
COAH-12-10 0.05091 0.01092 0.02548 0.00539 0.00369 0.00016
COAH-12-11 0.03443 0.00876 0.01744 0.00442 0.00372 0.00013
COAH-12-12 0.05383 0.00715 0.02738 0.00358 0.00367 0.00012
COAH-15-1 0.04099 0.00435 0.03522 0.0037 0.00645 0.00014
COAH-15-2 0.04899 0.0052 0.04272 0.00446 0.00648 0.00015
COAH-15-3 0.04572 0.00324 0.0417 0.00291 0.00661 0.00012
COAH-15-4 0.03945 0.00253 0.03544 0.00224 0.00678 0.0001
COAH-15-5 0.05602 0.00312 0.05008 0.00273 0.0067 0.00011
COAH-15-6 0.04466 0.04552 0.03607 0.03643 0.00568 0.00084
COAH-15-7 0.04667 0.00705 0.04258 0.00635 0.00673 0.00021
COAH-15-8 0.03734 0.01716 0.033 0.01509 0.00626 0.00034
COAH-15-9 0.04377 0.0026 0.0365 0.00214 0.00623 0.00009
COAH-15-10 0.04666 0.00276 0.03781 0.00221 0.00599 0.00009
COAH-15-11 0.04285 0.00295 0.03589 0.00244 0.00616 0.0001
COAH-15-12 0.04623 0.00465 0.04096 0.00404 0.00661 0.00017
TG-3-1 0.10159 0.09342 0.0197 0.01777 0.00139 0.00025
TG-3-2 0.1253 0.07727 0.02308 0.01373 0.00133 0.00022
PCIGR U-Pb GEOCHRONOLOGY ANALYTICAL DATA
Analysis Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
Isotopic Ratios and one sigma errors
TG-3-3 0.07513 0.08503 0.01297 0.01452 0.00129 0.00022
TG-3-4 -0.14351 0.10827 -0.03252 0.0237 0.00168 0.00033
TG-3-5 -0.01659 0.21685 -0.00279 0.03649 0.00123 0.00055
TG-3-6 0.02572 0.13266 0.0048 0.02473 0.00134 0.00032
TG-3-7 0.09065 0.11934 0.03262 0.04234 0.00258 0.00059
TG-3-8 0.04803 0.01209 0.0083 0.00205 0.00127 0.00007
TG-3-9 -0.3636 0.18328 -0.08473 0.03727 0.00174 0.00043
TG-3-10 0.0818 0.07359 0.01522 0.01346 0.00144 0.00024
TG-3-11 0.22875 0.11919 0.03528 0.01584 0.00111 0.0003
TG-3-12 0.10724 0.13887 0.01784 0.02266 0.00119 0.0003
T-3-1 0.04768 0.00257 0.03926 0.00206 0.00591 0.00008
T-3-2 0.05156 0.00287 0.04281 0.00231 0.00586 0.00009
T-3-3 0.04563 0.00383 0.03786 0.00311 0.00603 0.00012
T-3-4 0.04747 0.00422 0.04241 0.00369 0.00637 0.00013
T-3-5 0.04974 0.00277 0.0407 0.0022 0.00593 0.00009
T-3-6 0.04666 0.00241 0.03715 0.00187 0.00581 0.00008
T-3-7 0.04159 0.00282 0.03565 0.00237 0.00609 0.0001
T-3-8 0.04651 0.0026 0.03815 0.00209 0.00584 0.00008
T-3-9 0.04031 0.00562 0.03281 0.00453 0.00582 0.00015
T-3-10 0.04726 0.00369 0.03929 0.00302 0.00597 0.00012
T-3-11 0.04328 0.00318 0.03598 0.00261 0.00599 0.00011
T-3-12 0.04822 0.00399 0.03903 0.00319 0.00583 0.00012
T-3-13 0.04553 0.00411 0.04005 0.0036 0.0062 0.00014
T-3-14 0.04562 0.00392 0.03958 0.0034 0.00622 0.00013
T-3-15 0.04465 0.00398 0.03879 0.00347 0.00628 0.00014
T-3-16 0.04201 0.00404 0.03653 0.00353 0.00635 0.00015
T-3-17 0.0467 0.002 0.03824 0.00159 0.00607 0.00008
T-3-18 0.04968 0.00196 0.03992 0.00152 0.00601 0.00007
T-3-19 0.04001 0.00489 0.03558 0.00429 0.00641 0.00015
T-3-20 0.04805 0.0023 0.04234 0.00197 0.00634 0.00008
T-3-21 0.04502 0.00162 0.03985 0.0014 0.00719 0.00007
T-3-22 0.0563 0.00352 0.04681 0.00278 0.00668 0.00015
T-3-23 0.04676 0.00167 0.03951 0.00136 0.0065 0.00007
T-3-24 0.04686 0.00336 0.18728 0.0134 0.0283 0.00051
T-3-25 0.05063 0.00245 0.04364 0.00203 0.00643 0.0001
T-3-26 0.04748 0.0025 0.04188 0.00213 0.00667 0.00011
T-3-27 0.04549 0.00159 0.03851 0.00131 0.00657 0.00007
T-3-28 0.04587 0.00172 0.03938 0.00143 0.00643 0.00007
3001-1 0.06278 0.0055 0.00923 0.00078 0.00107 0.00003
3001-2 0.03686 0.00658 0.00549 0.00097 0.00109 0.00003
3001-3 0.05327 0.00482 0.00828 0.00072 0.00113 0.00003
3001-4 0.07969 0.00534 0.01255 0.00079 0.00118 0.00003
3001-5 0.07988 0.02446 0.01332 0.00397 0.00121 0.00009
3001-6 0.04539 0.02371 0.00689 0.00357 0.00111 0.00008
3001-7 0.01616 0.0225 0.00216 0.003 0.00097 0.00008
3001-8 0.05138 0.00269 0.00739 0.00037 0.00104 0.00002
3001-9 0.05388 0.00685 0.00829 0.00103 0.00115 0.00003
3001-10 0.04613 0.01488 0.00808 0.00258 0.0013 0.00007
PCIGR U-Pb GEOCHRONOLOGY ANALYTICAL DATA
Analysis Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
Isotopic Ratios and one sigma errors
3001-11 0.07899 0.02563 0.01311 0.00414 0.00121 0.00009
3001-12 0.05078 0.00711 0.00741 0.00101 0.00103 0.00003
3001-13 0.03112 0.0224 0.00552 0.00396 0.00129 0.00009
3001-14 0.05808 0.01075 0.0083 0.0015 0.00102 0.00004
3001-15 0.05822 0.00987 0.00849 0.00138 0.00107 0.00005
3001-16 0.04954 0.00478 0.00737 0.00069 0.00106 0.00002
3002-1 0.04455 0.0028 0.00843 0.00051 0.00137 0.00002
3002-2 0.04885 0.0059 0.0087 0.00103 0.00128 0.00003
3002-3 0.0668 0.00758 0.01212 0.00132 0.00133 0.00004
3002-4 0.04874 0.0062 0.00904 0.00113 0.00133 0.00003
3002-5 0.05154 0.00308 0.00953 0.00055 0.00134 0.00002
3002-6 0.05865 0.00739 0.01067 0.0013 0.00134 0.00004
3002-7 0.04438 0.0051 0.00846 0.00096 0.00138 0.00003
3002-8 0.06148 0.00998 0.01128 0.00179 0.00131 0.00005
3002-9 0.06095 0.01071 0.01119 0.00191 0.00133 0.00006
3002-10 0.05014 0.00441 0.00944 0.00081 0.00136 0.00003
3002-11 0.06661 0.01489 0.02114 0.00462 0.00234 0.00012
3002-12 0.05906 0.01735 0.01832 0.00528 0.00233 0.00013
3002-13 0.04463 0.01 0.00824 0.00183 0.00135 0.00005
3002-14 0.04616 0.00496 0.00857 0.0009 0.00137 0.00003
3002-15 0.07113 0.0121 0.01355 0.00222 0.00137 0.00006
3002-16 0.05187 0.00458 0.00978 0.00084 0.00136 0.00003
3003-1 0.2535 0.02354 0.07727 0.00582 0.00226 0.00013
3003-2 0.08227 0.01228 0.02135 0.00306 0.00193 0.00008
3003-3 0.05906 0.03063 0.01179 0.006 0.0015 0.00015
3003-4 0.09538 0.03788 0.01778 0.0068 0.00141 0.00015
3003-5 0.08211 0.0224 0.02314 0.00615 0.00209 0.00013
3003-6 0.06415 0.04471 0.01401 0.00961 0.00167 0.00021
3003-7 0.10834 0.02441 0.02844 0.00611 0.00195 0.00014
3003-8 0.08719 0.02839 0.01933 0.0061 0.00159 0.00013
3003-9 0.07089 0.02622 0.0164 0.00591 0.00163 0.00014
3003-10 0.10435 0.03549 0.02364 0.00762 0.00164 0.00018
3003-11 0.10303 0.03516 0.02435 0.00793 0.00181 0.00019
3003-12 0.05466 0.03289 0.01465 0.0087 0.00194 0.00019
3003-13 0.07147 0.03004 0.01896 0.00774 0.00195 0.0002
3003-14 0.03388 0.02349 0.00875 0.00603 0.00196 0.00016
3003-15 0.08021 0.04646 0.01806 0.01016 0.00165 0.00023
3003-16 0.04538 0.02055 0.01137 0.00509 0.00179 0.00013
3006-1 0.04165 0.0039 0.04445 0.00407 0.00774 0.00018
3006-2 0.05212 0.00319 0.05569 0.00332 0.00774 0.00013
3006-3 0.0555 0.00316 0.05752 0.00316 0.00759 0.00014
3006-4 0.07964 0.02381 0.01727 0.00501 0.00157 0.00012
3006-5 0.06318 0.01979 0.01514 0.00463 0.00176 0.00012
3006-6 0.02604 0.05112 0.00482 0.00943 0.00139 0.0002
3006-7 0.00271 0.02583 0.00065 0.00621 0.00177 0.00014
3006-8 0.05705 0.02572 0.01354 0.00597 0.00171 0.00016
3006-9 0.07868 0.04417 0.01808 0.00985 0.00167 0.00023
PCIGR U-Pb GEOCHRONOLOGY ANALYTICAL DATA
Analysis Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
Isotopic Ratios and one sigma errors
3006-10 0.14807 0.04544 0.03488 0.00977 0.00179 0.00023
3006-11 0.03351 0.02331 0.00778 0.00539 0.00168 0.00012
3006-12 0.06759 0.02695 0.01577 0.00612 0.00169 0.00016
3006-13 0.04839 0.01363 0.01082 0.003 0.00164 0.00008
3006-14 0.04615 0.00298 0.05165 0.00326 0.00784 0.00014
3006-15 0.04141 0.00428 0.04782 0.00487 0.00824 0.00018
3006-16 0.10313 0.02834 0.01929 0.00505 0.00135 0.00011
3007-1 0.0478 0.00987 0.0143 0.00289 0.00219 0.00009
3007-2 0.07394 0.01238 0.02256 0.00362 0.00224 0.00011
3007-3 0.03293 0.01185 0.01011 0.00361 0.00218 0.00009
3007-4 0.04824 0.00905 0.01474 0.00272 0.00222 0.00007
3007-5 0.07325 0.0097 0.02268 0.00288 0.00225 0.00009
3007-6 0.04635 0.00902 0.01358 0.0026 0.0021 0.00008
3007-7 0.04463 0.01389 0.01362 0.00418 0.00218 0.00012
3007-8 0.05469 0.01493 0.01743 0.00465 0.00225 0.00014
3007-9 0.06617 0.01297 0.02046 0.0039 0.00224 0.00011
3007-10 0.05528 0.01793 0.01715 0.00548 0.00234 0.00014
3007-11 0.03999 0.012 0.01209 0.00359 0.00225 0.0001
3007-12 0.03878 0.00901 0.0122 0.0028 0.0023 0.00009
3007-13 0.06717 0.03137 0.01988 0.00906 0.00222 0.00023
3007-14 0.07654 0.02658 0.02307 0.00772 0.00214 0.0002
3007-15 0.05194 0.01023 0.01548 0.00296 0.00222 0.00011
3007-16 0.05103 0.00753 0.01529 0.00221 0.00219 0.00007
PCIGR U-Pb GEOCHRONOLOGY ANALYTICAL DATA
Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
22.4 166.39 41.5 2.92 43.2 0.73
495.8 161.6 53.9 3.94 45 0.91
0.1 121.47 41 2.83 43.3 0.73
270.7 155.87 46.3 3.17 43.9 0.81
0.1 149.87 33.2 10.27 42.8 1.81
0.1 0 34.2 7.01 44.2 1.28
86.2 277.65 45.5 5.58 46.5 1.27
666 307.3 54.6 8.27 43.5 1.56
0.1 396.43 34.4 16.64 45 2.17
1054.7 636.22 64.9 24.2 43.3 3.47
0.1 425.65 39.4 13.71 43.9 2.11
642.9 507.78 55.8 14.99 44.1 2.12
1018.1 77.57 971.2 25.01 955.4 8.34
959.4 79.22 932.7 24.8 943.8 8.42
953.3 80.07 959.6 25.54 979.4 8.82
1020.5 79.78 977 25.95 987.4 8.92
1243.2 81.49 1207.7 32.38 1181.4 11.99
267 135.43 296.1 16.28 292.4 4.58
1040 84.59 933.9 27.28 897.9 8.99
1019.7 90.49 1019.1 32.33 1039.9 12.05
1180.4 86.6 1218.3 34.02 1225.3 12.81
1165.1 87.36 1166.3 33.17 1223 12.77
1225.5 88.07 1183.6 34.48 1169.4 12.74
1068.5 88.19 1045.8 30.01 1058.9 10.41
0.1 81.51 39.4 2.98 42.7 0.82
0.1 254.6 41.6 5.32 42.2 1.18
593.3 339.59 55 9.24 42.8 1.72
546.2 249.22 47.6 5.65 37.7 1.24
0.1 238.65 40.7 7.3 44.9 1.55
0.1 66.77 38.6 3.37 41.2 0.89
186.2 334.59 47.2 7.25 43.7 1.81
1364.9 275.95 75.6 10.94 41.6 2.49
78.5 288.68 44.7 5.78 42.4 1.23
682.1 307.94 57.1 8.75 40.3 1.51
0.1 212.65 39.8 8 43.1 1.63
110.3 353.07 40.9 6.66 40.2 1.44
31 145.56 31.9 1.95 31.8 0.5
30.1 132.46 32.5 1.8 32.4 0.47
0.1 43.17 30.6 1.75 32.7 0.51
0.1 0 26.2 2.85 31 0.64
105.9 157.4 33.8 2.27 32.9 0.58
0.1 140.34 29.5 2.26 30.6 0.57
84.4 169.69 30.3 2.19 29.9 0.54
0.1 0 19.8 4.56 32 0.86
121.1 81.62 30.5 1.05 29.5 0.31
234.6 167.84 36.2 2.66 33.2 0.68
97 82.99 30.2 1.03 29.3 0.3
Isotopic ages and one sigma errors
PCIGR U-Pb GEOCHRONOLOGY ANALYTICAL DATA
Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
Isotopic ages and one sigma errors
197.2 106.78 32.9 1.5 30.2 0.42
261.5 114.61 32.3 1.61 29.4 0.42
162.8 234.01 32.4 3.37 31.2 0.74
237.9 105.81 32.5 1.48 29.6 0.4
323.5 89.03 33.2 1.29 29.5 0.35
0.1 0 28.1 1.3 80.9 1.04
0.1 0 27.3 1.28 67.9 0.89
0.1 19.67 27 1.57 30 0.48
12.9 158.45 30.3 2.02 30.8 0.58
0.1 24.1 28 1.35 73.4 0.99
0.1 110.42 29.4 1.72 34.3 0.61
0.1 0 28.1 1.33 263.6 3.39
27.3 113.27 30.5 1.47 108.1 1.45
498.9 132.33 34.6 2.08 29.7 0.58
0.1 0 27.9 1.56 33.9 0.54
0.1 0 26.2 1.67 32 0.53
0.1 34.25 28.4 1.49 52.3 0.76
355.8 109.57 284.1 12.79 277.8 3.52
323.5 111.46 284.1 12.9 273.7 3.48
350.5 114.73 280.7 13.29 274.9 3.68
291.9 124.52 278.9 14.21 281.6 4.17
268.3 130.48 272.4 14.55 269.3 4.13
317.7 132.1 287.4 15.64 278.1 4.36
98.2 151.08 259.1 15.61 280.1 4.67
258.3 160.99 263.7 17.58 259.4 4.88
242.8 145.68 281.3 16.87 284 5.25
388 128.74 263.9 14.31 253.7 3.94
287.5 143.29 284.1 16.74 281.7 4.33
218.4 125.94 275.7 14.06 279.8 3.83
794.9 110.03 53.8 2.77 39.9 0.67
0.1 65.1 36.8 2.3 38.8 0.62
63.3 120.15 39.2 1.96 38.4 0.56
20.1 133.01 39.7 2.2 40.2 0.63
0.1 229.88 39.4 4.68 40.4 1.03
223.8 115.5 43 2.13 41.2 0.6
0.1 71.59 39.4 2.17 41.1 0.63
0.1 388.52 36.2 6.63 37.5 1.48
147.2 105.48 39.5 1.77 37.7 0.5
42.6 91.28 38 1.44 37.6 0.41
103.4 85.78 40.1 1.45 38.7 0.4
157.1 132.45 39.2 2.22 37.3 0.62
201 156.02 41.5 2.81 38.7 0.74
0.1 0 35 2.94 39.1 0.76
0.1 73.15 39.2 2.12 40.1 0.6
222.3 171.04 41.9 3.11 38.4 0.92
0.1 46.04 36.1 1.81 39.2 0.56
8.8 123.06 38.6 1.97 40.3 0.59
0.1 68.95 36 2.31 38.8 0.67
PCIGR U-Pb GEOCHRONOLOGY ANALYTICAL DATA
Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
Isotopic ages and one sigma errors
87 126.74 40.2 2.13 40.9 0.62
0.1 66.06 38.3 1.95 41.3 0.6
223.7 144.84 43.5 2.69 41.3 0.9
219.6 108.15 41.2 1.92 38.9 0.53
52.7 126.72 39.4 2.09 40.8 0.63
0.1 84.59 38.2 2.17 42.5 0.77
292.8 220.15 43.4 4.29 39.7 1.04
89.2 131.17 41.8 2.3 42.4 0.69
56.8 162.83 40.1 2.76 41 0.77
0.1 31.31 41.3 3.95 45.7 0.99
0.1 20.9 40.2 2.45 43.2 0.68
108.3 237.71 43.4 4.53 42.2 1.03
511.5 466.7 52.2 12.32 42.7 2.42
220.5 309.15 43.5 6.14 41.4 1.55
512.4 291.62 55.3 7.68 43.8 1.51
0.1 103.53 38.7 7.14 45.3 1.58
118.7 197.62 44.3 3.81 42.8 0.91
0.1 162.71 42.6 3.65 43.6 0.91
0.1 299.35 39.5 6.61 43.8 1.57
179.8 305.11 170.1 22.74 166 4.99
0.1 130.2 41.4 2.47 41.9 0.67
7.5 164.62 42.8 2.97 43.2 0.8
0.1 103.83 41.1 2.65 42.9 0.74
134.9 176.08 43.8 3.33 42.7 0.79
0.1 0 36.9 2.01 43.8 0.6
0.1 0 40.9 2.38 44.3 0.68
0.1 89.41 41 2.51 43.7 0.73
115.2 131.45 44.2 2.45 44.2 0.73
0.1 78.13 40.3 2.03 43.7 0.65
0.1 64.2 40.8 1.79 43.2 0.55
0.1 291.9 43.9 6.27 47 1.28
112.7 116.1 43.4 2.12 43.3 0.62
0.1 0 39.7 2.42 43.8 0.71
0.1 0 160 7.65 183.1 2.86
0.1 39.42 40.9 1.76 52.5 0.64
2597.5 420.1 32.8 8.58 8.6 1.07
295.6 496.2 10.4 2.6 8.8 0.41
52.4 494.42 9.4 2.24 9.2 0.36
0.1 534.9 7.8 4.32 9.7 0.5
93.1 497.94 8.7 2.09 8.3 0.33
650.6 424.32 11 2.43 8.2 0.38
1541.4 435.49 18.8 4.88 9 0.58
0.1 142.51 8.5 0.72 8.6 0.16
0.1 1148.51 9.3 8.78 10.6 0.88
671.2 410.59 12.3 2.64 9 0.37
0.1 343.38 7.9 2.23 8.5 0.31
1463.7 471.77 17.6 4.93 8.9 0.63
1058.5 383.64 12.8 2.66 7.7 0.43
PCIGR U-Pb GEOCHRONOLOGY ANALYTICAL DATA
Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
Isotopic ages and one sigma errors
0.1 84.76 6.4 2.3 8.3 0.33
842.1 333.62 13.6 2.35 9.1 0.38
0.1 0 5.5 3.11 9.5 0.42
280.5 212.93 261.7 23.48 271.2 6.76
299.6 156.06 270.4 17.45 272.2 5.19
0.1 0 -23.1 22.86 12.4 2.34
1624.8 592.15 39.5 14.83 18.1 1.51
0.1 0 -77.6 47.43 9 3.89
259.4 2952.55 12.6 49.12 12.7 5.66
1214.9 1279.17 28.2 27.91 16.6 3.78
0.1 1844.64 8.5 25.57 14.8 3.14
1076.2 1022.6 25 17.7 15.8 1.94
447.3 1092.04 18.8 13.11 15.7 1.53
981.8 106.68 946.7 34.6 962 13.2
948.5 113.29 1001.2 39.67 972.4 14.97
1215.4 119.04 1132.5 50.9 1095.1 20.96
1119.2 109.99 1165.9 42.24 1183.8 17.25
950.8 114.4 973.6 38.41 986.8 14.79
1636.6 678.77 43.6 19.35 18.9 1.97
900.6 64.44 906.8 20.5 948.5 8.64
810.2 67.89 971 22.87 1027.4 9.84
1132.8 58.69 1145.6 21.74 1160.8 9.38
1038.4 64.44 1112.7 24.46 1198.8 11.24
1677.7 648.56 24.7 10.37 12.1 1.42
1693.8 1705.11 79.4 131.53 34.5 13.06
3845.9 871.28 157 88.06 22.1 11.93
4790.2 1404.05 378.4 330.3 21.9 31.07
1689.3 3228.46 27.3 176.49 14.5 20.82
3194 3175.52 16.3 112.08 3.9 15.93
447.1 506.86 12.3 3.22 10.2 0.5
196.7 266.51 19.9 2.39 19.2 0.65
0.1 185.21 21.1 1.89 21.2 0.49
0.1 701.61 2.6 18.67 16.1 2.21
1114.5 2174.33 15.7 38.07 11.3 5.09
1008.9 759.47 33.5 15.67 21.7 2.26
0.1 2241.74 -11 57.74 15.8 5.88
0.1 0 -24.6 22.23 7.3 2.4
0.1 2790.86 11.7 37.85 11.5 3.37
17.6 356.49 9.8 1.58 9.9 0.33
378.8 814.22 20.3 9.44 18 1.24
0.1 803.09 14.2 9.68 17.8 1.29
0.1 1026.07 15.9 12.48 17.5 1.24
705.4 519.28 23.2 6.55 17.4 0.94
0.1 0 -20.5 35.81 19.5 3.58
0.1 0 -83.3 44.26 21.8 3.2
577.7 2296.52 24.5 59.44 21.6 6.86
884.3 1584.75 38.7 50.8 28.5 5.85
PCIGR U-Pb GEOCHRONOLOGY ANALYTICAL DATA
Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
Isotopic ages and one sigma errors
0.1 759.02 -11.9 36.89 18.2 3.48
0.1 511.29 16.9 6.66 18.9 0.98
1243.4 498.26 31.8 9.1 18.2 1.58
1910.7 344.45 44.1 8.77 17.4 1.38
0.1 0 -3.5 24.26 21.2 2.39
82.7 1566.35 21.1 23.38 21.7 3.08
304.1 572.9 20 5.92 17.3 0.83
0.1 69.09 10.4 5.33 15.6 0.86
330.6 252.43 49.6 5.76 43.2 1.31
497.4 218.11 213.9 20.57 187.5 4.6
195.8 214.64 40.4 3.92 37.2 0.76
279.3 406.67 41.7 8.16 38.5 1.66
649.1 222.09 47.8 5.16 37.2 0.93
25.9 295.26 41.2 5.41 41.9 1.21
3842.6 267.62 400.4 57.3 63.9 6.81
208.9 369.05 39.9 6.93 37.9 1.39
262.4 252.38 41.2 4.8 37.1 0.95
337.9 243.59 42.6 4.85 37.5 0.91
554.9 243.77 47.3 5.58 37.7 0.96
161.3 266.96 41 4.99 38.7 1.01
971.9 1016.32 29.8 20.35 19.8 3.24
0.1 390.32 20.3 4.83 21.6 0.85
626.1 695.51 25.2 10 20.4 1.28
0.1 135.55 21.7 5.1 25.5 0.92
0.1 41.69 21.6 1.9 24.2 0.51
0.1 0 19.5 1.89 24.7 0.51
0.1 0 18.5 1.79 23.7 0.49
0.1 0 19.6 2.62 24.1 0.6
569 478.93 33.8 8.42 27.4 1.41
236.8 431.38 25.6 5.34 23.8 1.02
0.1 0 17.6 4.41 23.9 0.81
363.6 274.82 27.4 3.54 23.6 0.77
0.1 0 35.1 3.62 41.4 0.87
147.5 231.37 42.5 4.35 41.6 0.97
0.1 145.66 41.5 2.83 42.5 0.74
0.1 0 35.4 2.2 43.5 0.67
452.8 119.53 49.6 2.64 43.1 0.68
0.1 1429.26 36 35.7 36.5 5.38
32.2 327.05 42.3 6.18 43.3 1.32
0.1 391.81 33 14.83 40.3 2.16
0.1 16.77 36.4 2.1 40 0.6
31.6 136.17 37.7 2.16 38.5 0.59
0.1 0 35.8 2.39 39.6 0.67
9.7 225.83 40.8 3.94 42.5 1.08
1653.4 1131.54 19.8 17.69 9 1.62
2033.1 813.94 23.2 13.63 8.5 1.39
PCIGR U-Pb GEOCHRONOLOGY ANALYTICAL DATA
Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
Isotopic ages and one sigma errors
1072.1 1385.34 13.1 14.55 8.3 1.4
0.1 0 -33.6 24.88 10.8 2.12
0.1 2828.19 -2.8 37.15 7.9 3.57
0.1 2438.31 4.9 24.99 8.6 2.05
1439.2 1466.27 32.6 41.63 16.6 3.78
100.6 507.36 8.4 2.06 8.2 0.44
0.1 0 -89.9 41.34 11.2 2.8
1240.8 1165.3 15.3 13.46 9.3 1.56
3043.4 654.68 35.2 15.53 7.2 1.91
1753 1406.88 18 22.61 7.7 1.95
82.7 123.91 39.1 2.01 38 0.53
265.8 122.71 42.6 2.25 37.7 0.56
0.1 169.72 37.7 3.04 38.7 0.75
72 199.42 42.2 3.59 40.9 0.85
182.9 124.93 40.5 2.15 38.1 0.57
31.9 119.29 37 1.83 37.4 0.49
0.1 0 35.6 2.32 39.1 0.63
24.2 129.2 38 2.04 37.6 0.52
0.1 0 32.8 4.45 37.4 0.97
62 176.83 39.1 2.95 38.4 0.74
0.1 21.12 35.9 2.56 38.5 0.69
110.3 184.42 38.9 3.12 37.5 0.78
0.1 178.1 39.9 3.51 39.9 0.89
0.1 173.16 39.4 3.32 40 0.85
0.1 130 38.6 3.4 40.4 0.89
0.1 0 36.4 3.46 40.8 0.97
33.6 99.75 38.1 1.55 39 0.48
180.2 89.32 39.7 1.49 38.6 0.45
0.1 0 35.5 4.21 41.2 0.94
101.7 109.29 42.1 1.92 40.7 0.54
0.1 30.99 39.7 1.37 46.2 0.46
463.5 133.58 46.4 2.7 42.9 0.95
36.8 83.29 39.3 1.33 41.8 0.44
41.7 163.47 174.3 11.46 179.9 3.18
224 108.06 43.4 1.97 41.3 0.65
72.9 121.49 41.7 2.07 42.8 0.71
0.1 52.84 38.4 1.28 42.2 0.42
0.1 77.93 39.2 1.4 41.3 0.45
700.7 176.21 9.3 0.78 6.9 0.17
0.1 0 5.6 0.98 7 0.19
340.5 192.25 8.4 0.72 7.3 0.19
1189.4 126.71 12.7 0.79 7.6 0.18
1193.9 508.8 13.4 3.98 7.8 0.56
0.1 901.71 7 3.6 7.1 0.5
0.1 0 2.2 3.04 6.3 0.51
257.9 115.83 7.5 0.37 6.7 0.11
366.1 263.83 8.4 1.04 7.4 0.21
4.4 635.32 8.2 2.59 8.4 0.44
PCIGR U-Pb GEOCHRONOLOGY ANALYTICAL DATA
Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
Isotopic ages and one sigma errors
1171.8 535.84 13.2 4.15 7.8 0.59
231 294.56 7.5 1.02 6.7 0.2
0.1 350.9 5.6 4 8.3 0.57
532.5 361.18 8.4 1.51 6.6 0.28
537.5 333.93 8.6 1.39 6.9 0.33
173.4 210.68 7.5 0.7 6.9 0.16
0.1 66.34 8.5 0.52 8.8 0.14
140.7 261.57 8.8 1.04 8.3 0.21
831.4 220.36 12.2 1.33 8.5 0.28
135.3 274.48 9.1 1.13 8.6 0.22
264.8 131.77 9.6 0.55 8.7 0.14
554.3 253.53 10.8 1.31 8.6 0.28
0.1 170.89 8.6 0.96 8.9 0.2
656 314.54 11.4 1.79 8.4 0.31
637.5 338.78 11.3 1.91 8.6 0.38
201.4 192.16 9.5 0.81 8.7 0.19
825.6 407.97 21.2 4.59 15.1 0.75
569.4 536.41 18.4 5.27 15 0.85
0.1 397.1 8.3 1.84 8.7 0.3
6.1 240.25 8.7 0.91 8.8 0.21
961.2 313.22 13.7 2.22 8.8 0.41
279.6 189.69 9.9 0.84 8.8 0.19
3206.7 139.58 75.6 5.49 14.5 0.81
1252 267.24 21.4 3.04 12.4 0.54
569.3 849.44 11.9 6.02 9.7 0.96
1535.7 605.7 17.9 6.78 9.1 0.98
1248 457.65 23.2 6.1 13.4 0.85
746.7 1033.79 14.1 9.63 10.7 1.33
1771.6 363.11 28.5 6.03 12.5 0.87
1364.7 524.19 19.4 6.07 10.3 0.84
954.2 615.04 16.5 5.91 10.5 0.88
1702.8 522.3 23.7 7.56 10.6 1.16
1679.4 525.23 24.4 7.86 11.7 1.21
398.2 974.29 14.8 8.71 12.5 1.25
970.9 681.02 19.1 7.71 12.6 1.3
0.1 505.45 8.9 6.07 12.6 1
1202.2 850.08 18.2 10.14 10.6 1.48
0.1 804.2 11.5 5.11 11.6 0.81
0.1 0 44.2 3.96 49.7 1.14
290.5 134.1 55 3.2 49.7 0.85
432 122.19 56.8 3.03 48.7 0.87
1188.2 498.82 17.4 5 10.1 0.75
714.4 554.11 15.3 4.64 11.3 0.76
0.1 1125.22 4.9 9.53 9 1.29
0.1 0 0.7 6.3 11.4 0.89
493 770.85 13.7 5.98 11 1.04
1164.1 833.85 18.2 9.82 10.8 1.47
PCIGR U-Pb GEOCHRONOLOGY ANALYTICAL DATA
Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
Isotopic ages and one sigma errors
2323.7 448.49 34.8 9.59 11.5 1.46
0.1 484.09 7.9 5.43 10.8 0.76
856 662.87 15.9 6.12 10.9 1
118.5 556.42 10.9 3.02 10.5 0.51
5.7 148.72 51.1 3.15 50.3 0.87
0.1 0 47.4 4.72 52.9 1.15
1681.2 436.43 19.4 5.03 8.7 0.73
88.2 428.53 14.4 2.89 14.1 0.61
1039.8 305.55 22.7 3.6 14.4 0.7
0.1 0 10.2 3.63 14.1 0.56
110.8 391.1 14.9 2.73 14.3 0.48
1020.7 247.13 22.8 2.86 14.5 0.56
15.6 411.04 13.7 2.6 13.6 0.5
0.1 549.13 13.7 4.18 14.1 0.78
400.1 517.2 17.5 4.64 14.5 0.89
811.7 363.91 20.6 3.88 14.4 0.68
423.2 596.52 17.3 5.47 15.1 0.87
0.1 285.15 12.2 3.6 14.5 0.66
0.1 87.72 12.3 2.81 14.8 0.56
843 753.54 20 9.02 14.3 1.51
1109.3 571.74 23.2 7.66 13.8 1.31
282.8 397.27 15.6 2.96 14.3 0.7
242 308.82 15.4 2.21 14.1 0.46
Backscatter electron image of representative zircon from sample 15-1
Backscatter electron image of representative zircon from sample 24-2
Backscatter electron image of representative zircon from sample CB-1
Backscatter electron image of representative zircon from sample CDO
Backscatter electron image of representative zircon from sample COAH-1
Backscatter electron image of representative zircon from sample COAH-6
Backscatter electron image of representative zircons from sample COAH-10
Backscatter electron image of representative zircons from sample COAH-12
Backscatter electron image of representative zircons from sample COAH-15
Backscatter electron image of representative zircon from sample SC-1
Backscatter electron image of representative zircon from sample COAH-17
Backscatter electron image of representative zircon from sample TG-1
Backscatter electron image of representative zircon from sample T-3
Backscatter electron image of representative zircons from sample PANUCO
Backscatter electron image of representative zircons from sample PB-1
Backscatter electron image of representative zircons from sample TG-3
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Concordia plots for samples 28-1, 3133 and Concordia
Concordia plots for samples 23-1 and SF-1
WSU U Pb GEOCHRONOLOGY ANALYTICAL DATA
Analysis Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
Concordia-1 0.04603 0.00049 0.04060 0.00094 0.00643 0.00011
Concordia-2 0.04724 0.00052 0.04174 0.00106 0.00645 0.00012
Concordia-3 0.04965 0.00096 0.04449 0.00172 0.00649 0.00018
Concordia-4 0.05224 0.00064 0.04722 0.00121 0.00653 0.00012
Concordia-5 0.04831 0.00121 0.04305 0.00181 0.00650 0.00014
Concordia-6 0.04707 0.00061 0.04183 0.00116 0.00651 0.00013
Concordia-7 0.04608 0.00058 0.04132 0.00109 0.00654 0.00012
Concordia-8 0.04914 0.00059 0.04440 0.00117 0.00659 0.00013
Concordia-9 0.04814 0.00053 0.04324 0.00106 0.00658 0.00012
Concordia-10 0.05302 0.00059 0.04873 0.00120 0.00664 0.00012
Concordia-11 0.04560 0.00084 0.04172 0.00140 0.00661 0.00013
Concordia-12 0.04749 0.00056 0.04295 0.00108 0.00663 0.00012
Concordia-13 0.04787 0.00051 0.04345 0.00101 0.00665 0.00011
Concordia-14 0.04677 0.00057 0.04317 0.00108 0.00667 0.00012
Concordia-15 0.04927 0.00062 0.04519 0.00119 0.00669 0.00012
Concordia-16 0.05118 0.00065 0.04776 0.00121 0.00674 0.00012
Concordia-17 0.04638 0.00088 0.04272 0.00146 0.00672 0.00013
Concordia-18 0.04816 0.00076 0.04476 0.00142 0.00673 0.00016
Concordia-19 0.05139 0.00087 0.04807 0.00147 0.00677 0.00014
Concordia-20 0.04683 0.00089 0.04328 0.00148 0.00674 0.00013
Concordia-21 0.04783 0.00060 0.04540 0.00112 0.00687 0.00012
Concordia-22 0.04785 0.00058 0.04516 0.00112 0.00688 0.00012
Concordia-23 0.04964 0.00051 0.04785 0.00102 0.00698 0.00011
Concordia-24 0.04689 0.00060 0.04527 0.00114 0.00699 0.00013
3133-1 0.04579 0.00579 0.06041 0.00568 0.00344 0.00020
3133-2 0.05018 0.00413 0.04511 0.00550 0.00347 0.00016
3133-3 0.05105 0.00370 0.02448 0.00304 0.00347 0.00016
3133-4 0.04936 0.00362 0.02374 0.00297 0.00348 0.00016
3133-5 0.06468 0.00411 0.03209 0.00355 0.00359 0.00018
3133-6 0.05775 0.00482 0.02865 0.00387 0.00359 0.00017
3133-7 0.04427 0.00352 0.02179 0.00276 0.00355 0.00015
3133-8 0.05219 0.00446 0.02669 0.00370 0.00370 0.00019
3133-9 0.04419 0.00418 0.02242 0.00347 0.00368 0.00018
3133-10 0.05597 0.00404 0.02899 0.00332 0.00373 0.00015
3133-11 0.06550 0.00520 0.03426 0.00439 0.00377 0.00018
3133-12 0.04988 0.00642 0.02571 0.00523 0.00371 0.00027
3133-13 0.04778 0.00414 0.02444 0.00342 0.00370 0.00018
3133-14 0.04068 0.00427 0.02086 0.00356 0.00371 0.00019
3133-15 0.04861 0.00346 0.02517 0.00288 0.00373 0.00016
3133-16 0.05485 0.00608 0.02871 0.00507 0.00379 0.00021
3133-17 0.04324 0.00384 0.02239 0.00332 0.00375 0.00018
3133-18 0.04919 0.00421 0.02547 0.00356 0.00375 0.00016
3133-19 0.04504 0.00442 0.02357 0.00361 0.00377 0.00018
3133-20 0.04303 0.00353 0.02243 0.00310 0.00377 0.00018
3133-21 0.05034 0.00467 0.02679 0.00390 0.00383 0.00019
3133-22 0.04851 0.00426 0.02584 0.00355 0.00384 0.00017
Isotopic Ratios and one sigma errors
WSU U Pb GEOCHRONOLOGY ANALYTICAL DATA
Analysis Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
Isotopic Ratios and one sigma errors
3133-23 0.05661 0.00569 0.03043 0.00483 0.00389 0.00018
3133-24 0.07289 0.00379 0.04009 0.00348 0.00396 0.00016
3133-25 0.08356 0.00563 0.04652 0.00518 0.00402 0.00019
3133-26 0.05738 0.00379 0.03166 0.00341 0.00398 0.00018
3133-27 0.04740 0.00417 0.02580 0.00361 0.00393 0.00019
3133-28 0.06041 0.00568 0.03430 0.00520 0.00410 0.00023
3133-29 0.04511 0.00550 0.02521 0.00479 0.00403 0.00024
23-1-1 0.04600 0.00201 0.01429 0.00111 0.00224 0.00009
23-1-2 0.05167 0.00231 0.01595 0.00126 0.00224 0.00010
23-1-3 0.04654 0.00305 0.01474 0.00163 0.00228 0.00011
23-1-4 0.04898 0.00267 0.01551 0.00144 0.00229 0.00010
23-1-5 0.07062 0.00196 0.02234 0.00113 0.00230 0.00007
23-1-6 0.03500 0.00303 0.01120 0.00148 0.00233 0.00010
23-1-7 0.02915 0.00413 0.00952 0.00202 0.00238 0.00011
23-1-8 0.03980 0.00279 0.01351 0.00165 0.00245 0.00012
23-1-9 0.04591 0.00145 0.01543 0.00087 0.00245 0.00008
23-1-10 0.04272 0.00191 0.01503 0.00113 0.00255 0.00009
23-1-11 0.04560 0.00112 0.01638 0.00087 0.00260 0.00010
23-1-12 0.05298 0.00230 0.01936 0.00145 0.00266 0.00011
23-1-13 0.06056 0.00341 0.02284 0.00220 0.00272 0.00013
23-1-14 0.04557 0.00148 0.01731 0.00110 0.00274 0.00010
23-1-15 0.05308 0.00295 0.02034 0.00200 0.00276 0.00011
23-1-16 0.04364 0.00195 0.01693 0.00130 0.00279 0.00009
23-1-17 0.05351 0.00271 0.02122 0.00189 0.00285 0.00012
23-1-18 0.04821 0.00052 0.01935 0.00056 0.00292 0.00007
23-1-19 0.03911 0.00293 0.01648 0.00203 0.00304 0.00015
23-1-20 0.04680 0.00044 0.01968 0.00058 0.00306 0.00008
23-1-21 0.04725 0.00113 0.02682 0.00147 0.00409 0.00016
23-1-22 0.07380 0.00826 0.02323 0.00430 0.00229 0.00012
23-1-23 0.08355 0.00757 0.02678 0.00415 0.00233 0.00014
23-1-24 0.05112 0.00209 0.01658 0.00119 0.00235 0.00008
23-1-25 0.04951 0.00152 0.01621 0.00088 0.00237 0.00006
23-1-26 0.04654 0.00141 0.01543 0.00081 0.00240 0.00006
23-1-27 0.04608 0.00160 0.01568 0.00094 0.00247 0.00006
23-1-28 0.04931 0.00219 0.01719 0.00132 0.00253 0.00008
23-1-29 0.05362 0.00151 0.01879 0.00092 0.00254 0.00006
23-1-30 0.05179 0.00193 0.01923 0.00128 0.00271 0.00008
23-1-31 0.04771 0.00097 0.01807 0.00065 0.00276 0.00004
23-1-32 0.04731 0.00065 0.01852 0.00048 0.00283 0.00004
23-1-33 0.10157 0.00331 0.04306 0.00249 0.00307 0.00008
23-1-34 0.06577 0.00202 0.02721 0.00146 0.00300 0.00007
23-1-35 0.04674 0.00065 0.02841 0.00076 0.00440 0.00007
28-1-1 0.07405 0.00489 0.02131 0.00240 0.00210 0.00013
28-1-2 0.05234 0.00376 0.01542 0.00169 0.00215 0.00008
WSU U Pb GEOCHRONOLOGY ANALYTICAL DATA
Analysis Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
Isotopic Ratios and one sigma errors
28-1-3 0.07280 0.00353 0.02226 0.00173 0.00222 0.00008
28-1-4 0.04879 0.00223 0.01443 0.00107 0.00215 0.00008
28-1-5 0.04272 0.00433 0.01280 0.00200 0.00218 0.00012
28-1-6 0.05281 0.00375 0.01604 0.00175 0.00221 0.00010
28-1-7 0.04810 0.00238 0.01459 0.00112 0.00220 0.00007
28-1-8 0.05160 0.00350 0.01579 0.00166 0.00222 0.00010
28-1-9 0.05516 0.00457 0.01693 0.00220 0.00223 0.00013
28-1-10 0.05160 0.00320 0.01615 0.00155 0.00227 0.00009
28-1-11 0.04307 0.00203 0.01342 0.00100 0.00226 0.00008
28-1-12 0.04793 0.00266 0.01496 0.00131 0.00228 0.00008
28-1-13 0.04741 0.00235 0.01488 0.00116 0.00228 0.00008
28-1-14 0.05166 0.00209 0.01658 0.00111 0.00233 0.00008
28-1-15 0.04731 0.00242 0.01505 0.00121 0.00232 0.00009
28-1-16 0.04910 0.00246 0.01575 0.00122 0.00234 0.00008
28-1-17 0.04357 0.00271 0.01403 0.00131 0.00234 0.00008
28-1-18 0.05161 0.00265 0.01684 0.00137 0.00238 0.00009
28-1-19 0.04346 0.00251 0.01418 0.00126 0.00237 0.00009
28-1-20 0.05033 0.00185 0.01643 0.00101 0.00238 0.00008
28-1-21 0.05051 0.00414 0.01668 0.00209 0.00241 0.00011
28-1-22 0.05025 0.00253 0.01665 0.00133 0.00242 0.00009
28-1-23 0.05049 0.00299 0.01687 0.00153 0.00243 0.00009
SF-1-1 0.19784 0.03134 0.009050 0.002302 0.000332 0.000030
SF-1-2 0.13396 0.03196 0.005756 0.002216 0.000310 0.000031
SF-1-3 0.11800 0.01633 0.005086 0.001128 0.000313 0.000025
SF-1-4 0.12148 0.01838 0.005336 0.001322 0.000317 0.000024
SF-1-5 0.10689 0.01112 0.004715 0.000831 0.000318 0.000022
SF-1-6 0.12115 0.01313 0.005454 0.000956 0.000327 0.000022
SF-1-7 0.05037 0.03407 0.002097 0.002163 0.000303 0.000028
SF-1-8 0.10978 0.01285 0.005200 0.000977 0.000344 0.000023
SF-1-9 0.06926 0.01301 0.003199 0.000928 0.000336 0.000023
SF-1-10 0.09496 0.01137 0.004776 0.000934 0.000366 0.000026
SF-1-11 0.04709 0.00807 0.002240 0.000602 0.000346 0.000023
SF-1-12 0.06692 0.01014 0.003273 0.000783 0.000356 0.000023
SF-1-13 0.07015 0.01793 0.003530 0.001383 0.000366 0.000030
SF-1-14 0.08069 0.01510 0.004172 0.001271 0.000373 0.000033
SF-1-15 0.03746 0.00768 0.001860 0.000588 0.000361 0.000019
SF-1-16 0.13968 0.00953 0.007907 0.000937 0.000408 0.000021
WSU U Pb GEOCHRONOLOGY ANALYTICAL DATA
Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
0.0 25.7 40.4 0.9 41.3 0.7
61.4 26.4 41.5 1.0 41.4 0.8
178.4 44.4 44.2 1.7 41.6 1.2
296.0 27.7 46.9 1.2 41.7 0.8
114.7 58.0 42.8 1.8 41.7 0.9
52.7 30.8 41.6 1.1 41.9 0.8
1.7 30.7 41.1 1.1 42.0 0.8
154.6 27.8 44.1 1.1 42.2 0.8
106.2 26.0 43.0 1.0 42.3 0.8
329.8 25.2 48.3 1.2 42.4 0.8
0.0 20.9 41.5 1.4 42.5 0.8
73.7 27.7 42.7 1.0 42.6 0.8
92.7 24.9 43.2 1.0 42.7 0.7
37.7 29.1 42.9 1.1 42.9 0.7
160.9 29.0 44.9 1.2 42.9 0.8
249.2 28.8 47.4 1.2 43.1 0.7
17.5 45.4 42.5 1.4 43.2 0.8
107.0 36.7 44.5 1.4 43.2 1.0
258.6 38.6 47.7 1.4 43.3 0.9
40.4 45.2 43.0 1.4 43.3 0.8
90.9 29.5 45.1 1.1 44.2 0.8
91.7 28.3 44.8 1.1 44.2 0.8
178.3 23.8 47.5 1.0 44.7 0.7
43.5 30.3 45.0 1.1 44.9 0.8
0.0 266.6 21.8 4.4 22.1 1.3
203.1 180.8 24.1 3.2 22.2 1.0
243.1 159.0 24.6 3.0 22.2 1.0
165.1 163.1 23.8 2.9 22.3 1.0
764.1 128.5 32.1 3.5 22.6 1.2
520.3 173.3 28.7 3.8 22.8 1.1
0.0 89.1 21.9 2.7 22.8 1.0
293.8 184.3 26.7 3.7 23.6 1.2
0.0 117.7 22.5 3.4 23.7 1.1
451.0 152.8 29.0 3.3 23.7 1.0
790.4 158.3 34.2 4.3 23.7 1.2
189.3 274.8 25.8 5.2 23.8 1.7
88.2 193.4 24.5 3.4 23.8 1.2
0.0 0.0 21.0 3.5 23.9 1.2
128.8 159.3 25.2 2.9 24.0 1.0
406.2 230.7 28.7 5.0 24.1 1.4
0.0 53.3 22.5 3.3 24.1 1.1
156.9 188.8 25.5 3.5 24.1 1.0
0.0 170.0 23.7 3.6 24.3 1.2
0.0 27.2 22.5 3.1 24.3 1.2
210.9 202.0 26.8 3.9 24.6 1.2
124.2 194.6 25.9 3.5 24.7 1.1
Isotopic ages and one sigma errors
WSU U Pb GEOCHRONOLOGY ANALYTICAL DATA
Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
Isotopic ages and one sigma errors
476.4 208.0 30.4 4.7 24.7 1.2
1011.0 101.9 39.9 3.4 24.7 1.0
1282.3 125.9 46.2 5.0 24.7 1.2
506.1 139.2 31.7 3.3 25.2 1.1
69.4 197.1 25.9 3.6 25.3 1.2
618.1 191.1 34.2 5.1 25.9 1.5
0.0 223.2 25.3 4.7 25.9 1.5
0.0 100.1 14.4 1.1 14.4 0.6
270.7 99.3 16.1 1.3 14.3 0.6
25.7 150.2 14.9 1.6 14.7 0.7
147.0 123.1 15.6 1.4 14.7 0.7
946.6 55.7 22.4 1.1 14.4 0.5
0.0 0.0 11.3 1.5 15.0 0.6
0.0 0.0 9.6 2.0 15.3 0.7
0.0 0.0 13.6 1.7 15.7 0.8
0.0 67.5 15.6 0.9 15.8 0.5
0.0 0.0 15.1 1.1 16.4 0.6
0.0 36.2 16.5 0.9 16.8 0.6
327.9 95.4 19.5 1.4 17.0 0.7
623.8 117.0 22.9 2.2 17.2 0.8
0.0 51.7 17.4 1.1 17.6 0.6
332.2 121.3 20.4 2.0 17.6 0.7
0.0 0.0 17.0 1.3 18.0 0.6
350.5 110.6 21.3 1.9 18.3 0.8
109.6 25.4 19.5 0.6 18.8 0.5
0.0 0.0 16.6 2.0 19.6 1.0
39.3 22.1 19.8 0.6 19.7 0.5
61.8 56.0 26.9 1.5 26.3 1.0
1036.0 211.0 23.3 4.3 14.3 0.8
1282.0 167.1 26.8 4.1 14.3 0.9
246.4 91.7 16.7 1.2 15.1 0.5
171.9 70.0 16.3 0.9 15.2 0.4
25.9 71.0 15.5 0.8 15.5 0.4
2.1 81.5 15.8 0.9 15.9 0.4
162.7 100.7 17.3 1.3 16.2 0.5
354.9 62.5 18.9 0.9 16.2 0.4
276.1 83.2 19.3 1.3 17.3 0.5
84.8 47.8 18.2 0.6 17.8 0.3
64.7 32.4 18.6 0.5 18.2 0.3
1653.0 59.2 42.8 2.4 18.4 0.5
799.0 63.0 27.3 1.4 18.9 0.5
35.9 33.1 28.4 0.7 28.3 0.4
1042.9 127.8 21.4 2.4 13.5 0.8
300.1 156.0 15.5 1.7 13.8 0.5
WSU U Pb GEOCHRONOLOGY ANALYTICAL DATA
Pb207/Pb206 Error Pb207/U235 Error Pb206/U238 Error
Isotopic ages and one sigma errors
1008.3 95.4 22.4 1.7 14.3 0.5
137.9 104.1 14.5 1.1 13.8 0.5
0.0 51.8 12.9 2.0 14.1 0.8
320.5 153.7 16.2 1.7 14.2 0.6
104.2 112.9 14.7 1.1 14.2 0.5
267.9 148.6 15.9 1.7 14.3 0.6
418.8 175.1 17.0 2.2 14.4 0.9
267.5 136.3 16.3 1.5 14.6 0.6
0.0 0.0 13.5 1.0 14.6 0.5
95.7 126.4 15.1 1.3 14.7 0.5
70.1 113.7 15.0 1.2 14.7 0.5
270.3 90.1 16.7 1.1 15.0 0.5
65.1 117.4 15.2 1.2 14.9 0.6
152.7 113.4 15.9 1.2 15.0 0.5
0.0 13.3 14.1 1.3 15.1 0.5
268.1 113.6 17.0 1.4 15.3 0.6
0.0 0.1 14.3 1.3 15.3 0.6
210.4 83.2 16.5 1.0 15.4 0.5
218.4 179.6 16.8 2.1 15.5 0.7
206.6 112.7 16.8 1.3 15.6 0.5
217.6 131.6 17.0 1.5 15.6 0.6
2808.4 237.8 9.1 2.3 1.7 0.2
2150.5 366.4 5.8 2.2 1.8 0.2
1926.2 229.1 5.2 1.1 1.8 0.2
1978.1 247.4 5.4 1.3 1.9 0.2
1747.1 179.3 4.8 0.8 1.9 0.1
1973.3 181.4 5.5 1.0 1.9 0.1
212.3 1090.5 2.1 2.2 1.9 0.2
1795.8 199.0 5.3 1.0 2.1 0.1
906.6 345.6 3.2 0.9 2.1 0.1
1527.2 210.2 4.8 0.9 2.2 0.2
53.6 364.8 2.3 0.6 2.2 0.2
835.2 287.5 3.3 0.8 2.2 0.1
932.7 451.6 3.6 1.4 2.3 0.2
1214.0 329.8 4.2 1.3 2.3 0.2
0.0 0.0 1.9 0.6 2.3 0.1
2223.2 113.6 8.0 0.9 2.3 0.1
Catho luminescence images of zircon grains for sample 23-1
Catho luminescence images of zircon grains for sample 28-1
Catho luminescence image of zircon grains for sample Concordia
Catho luminescence image of zircon grains for sample 3133
Catho luminescence image of zircon grains for standard FC-1
Catho luminescence image of zircon grains for sample SF-1
Catho luminescence image of zircon grains for standard Peixe
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Laser Isotope Ratios
Power(%) 40Ar/39Ar 38Ar/39Ar 37Ar/39Ar 36Ar/39Ar Ca/K Cl/K %40Ar atm f 39Ar 40Ar*/39ArK Age
2 40.403±0.008 0.285±0.033 0.146±0.090 0.132±0.026 0.389 0.057 96.08 0.47 1.509±0.990 28.05±18.26
2.2 14.183 0.008 0.158 0.072 0.164 0.035 0.047 0.025 0.441 0.031 97.51 0.55 0.299 0.343 5.59  6.40
2.4 14.004 0.010 0.144 0.048 0.363 0.019 0.044 0.034 0.999 0.028 91.51 0.83 1.103 0.425 20.54  7.88
2.6 6.847 0.009 0.105 0.038 0.391 0.025 0.017 0.027 1.081 0.02 68.72 1.53 1.999 0.130 37.07  2.38
2.9 3.331 0.006 0.091 0.022 0.191 0.017 0.005 0.059 0.528 0.018 38.54 4.46 1.940 0.083 35.99  1.53
3.2 2.571 0.005 0.090 0.014 0.133 0.021 0.002 0.053 0.369 0.017 17.64 8.25 2.031 0.031 37.66  0.57
3.5 2.492 0.005 0.094 0.013 0.130 0.026 0.002 0.074 0.361 0.018 15.31 11.38 2.038 0.035 37.78  0.64
3.8 2.352 0.005 0.101 0.012 0.153 0.016 0.001 0.071 0.423 0.02 9.87 15.27 2.056 0.023 38.11  0.42
4.1 2.351 0.005 0.116 0.027 0.302 0.020 0.001 0.092 0.838 0.024 9.14 15.23 2.072 0.029 38.41  0.53
4.4 2.352 0.004 0.117 0.018 0.419 0.014 0.001 0.037 1.163 0.024 9.42 14.76 2.066 0.015 38.29  0.27
4.7 2.285 0.005 0.111 0.011 0.633 0.014 0.001 0.085 1.758 0.022 7.2 15.94 2.058 0.026 38.15  0.48
5 2.466 0.004 0.113 0.018 1.275 0.015 0.002 0.061 3.545 0.023 13.65 11.33 2.059 0.034 38.16  0.63
Total/Average 2.775±0.001 0.108±0.003 0.639±0.002 0.003±0.008 0.025 100 2.030±0.006
J = 0.010385±0.000010
Volume 39ArK = 1271.01
Integrated Date = 37.64±0.24
Volumes are 1E-13 cm3 NPT
Neutron flux monitors: 28.02 Ma FCs (Renne et al., 1998)
Isotope production ratios: (40Ar/39Ar)K=0.0302±0.00006, (37Ar/39Ar)Ca=1416.4±0.5, (36Ar/39Ar)Ca=0.3952±0.0004,
Ca/K=1.83±0.01(37ArCa/39ArK).
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Cumulative 39Ar Percent
Plateau age = 38.160.25 Ma
(2σ , including J-error of .5%)
MSWD = 1.06, probability=0.38
Includes 92.2% of the 39Ar
Plateau steps are filled, rejected steps are open box heights are 2σ
San Carlos Biotite
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Age = 38.670.53 Ma
Initial 40Ar/36Ar =26130
MSWD = 0.51
data-point error ellipses are 2σ
San Carlos Biotite
Sample: San Carlos Biotite
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Age (Ma)
Cumulative 39Ar Percent
Plateau age = 4.4070.062 Ma
(2σ , including J-error of .5%)
MSWD = 0.82, probability=0.60
Includes 99.99% of the 39Ar
Plateau steps are f illed, rejected steps are open box heights are 2σ
Tetela del Oro Adularia
Sample: Tetela de Oro Adularia
Ag
e 
M
a
TetelaDelOro Adularia
Laser Isotope Ratios
Power(%) 40Ar/39Ar 38Ar/39Ar 37Ar/39Ar 36Ar/39Ar Ca/K Cl/K %40Ar atm f 39Ar 40Ar*/39ArK Age
2 241.489±0.008 0.218±0.031 0.012±0.198 0.821±0.018 0.018 0.012 100.71 0.2 -1.727±4.060 -32.66±77.49
2.1 13.932 0.004 0.024 0.027 0.002 0.061 0.047 0.016 0.006 0 99.52 3.38 0.036 0.226 0.68  4.23
2.2 3.074 0.004 0.015 0.026 0.002 0.056 0.009 0.018 0.004 0 90.79 5.95 0.250 0.050 4.67  0.93
2.3 0.882 0.004 0.013 0.017 0.001 0.039 0.002 0.028 0.004 0 68.88 17.68 0.241 0.017 4.50  0.32
2.4 0.420 0.004 0.012 0.014 0.001 0.027 0.001 0.029 0.003 0 34.8 15.52 0.235 0.005 4.40  0.09
2.6 0.445 0.005 0.012 0.020 0.001 0.046 0.001 0.032 0.004 0 37.6 12.9 0.237 0.006 4.44  0.11
2.8 0.561 0.004 0.013 0.011 0.001 0.045 0.001 0.030 0.004 0 52.05 12.86 0.231 0.009 4.32  0.17
3 0.724 0.004 0.014 0.014 0.002 0.055 0.002 0.028 0.004 0 62.85 12 0.232 0.013 4.35  0.24
3.2 0.884 0.004 0.014 0.014 0.002 0.041 0.002 0.020 0.005 0 69.32 9.27 0.234 0.012 4.38  0.23
3.4 0.928 0.004 0.015 0.019 0.003 0.029 0.002 0.025 0.009 0 69.83 10.23 0.244 0.017 4.56  0.31
Total/Average 1.737±0.001 0.014±0.003 0.002±0.005 0.005±0.004 0.001 100 0.237±0.007
J = 0.010390±0.000012
Volume 39ArK = 3433.58
Integrated Date = 4.24±0.25
Volumes are 1E-13 cm3 NPT
Neutron flux monitors: 28.02 Ma FCs (Renne et al., 1998)
Isotope production ratios: (40Ar/39Ar)K=0.0302±0.00006, (37Ar/39Ar)Ca=1416.4±0.5, (36Ar/39Ar)Ca=0.3952±0.0004,
Ca/K=1.83±0.01(37ArCa/39ArK).
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40Ar
Age = 4.4300.072 Ma
Initial 40Ar/36Ar =294.12.5
MSWD = 0.82
data-point error ellipses are 2σTetela del Oro Adularia
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Age = 8.430.18 Ma
Initial 40Ar/36Ar =28511
MSWD = 0.62
data-point error ellipses are 2σ
Caldera Alunite
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Age (Ma)
Cumulative 39Ar Percent
Plateau age = 8.2840.096 Ma
(2σ , including J-error of .5%)
MSWD= 0.78, probability=0.70
Includes 100% of the 39Ar
Plateau steps are filled, rejected steps are open box heights are 2σ
Caldera Alunite
Sample:Caldera Alunite
Ag
e 
M
a
36 Ar
40 A
Laser Isotope Ratios
Power(%) 40Ar/39Ar 38Ar/39Ar 37Ar/39Ar 36Ar/39Ar Ca/K Cl/K %40Ar atm f 39Ar 40Ar*/39ArK Age
2 2.2318±0.0147 0.0157±0.0591 0.0010±0.1377 0.0041±0.0258 0.002 0 51.23 6.99 1.005±0.039 8.09±0.31
2.1 1.6732 0.0188 0.0146 0.0531 0.0010 0.2297 0.0021 0.0824 0.002 0 31.92 8.36 1.047 0.056 8.42 0.45
2.2 1.5799 0.0366 0.0141 0.0642 0.0007 0.2943 0.0019 0.0457 0.002 0 28.47 5.16 0.995 0.055 8.01 0.44
2.3 1.4468 0.0112 0.0138 0.0243 0.0009 0.1948 0.0013 0.0278 0.002 0 22.64 12.69 1.042 0.017 8.39 0.14
2.4 1.4947 0.0246 0.0135 0.0402 0.0009 0.4910 0.0015 0.0587 0.002 0 22.44 6.66 1.041 0.042 8.38 0.33
2.5 1.5319 0.0257 0.0144 0.0545 0.0009 0.4087 0.0016 0.0555 0.002 0 23.38 5.73 1.042 0.043 8.39 0.35
2.6 1.4963 0.0184 0.0140 0.0465 0.0007 0.3148 0.0016 0.0449 0.002 0 26.18 8.94 1.012 0.031 8.14 0.25
2.7 1.6318 0.0334 0.0130 0.0351 0.0007 0.3423 0.0020 0.0849 0.002 0 29.92 6.03 1.025 0.067 8.25 0.54
2.8 1.9607 0.0301 0.0148 0.0595 0.0014 0.3038 0.0032 0.0447 0.003 0 40.34 3.27 1.002 0.061 8.06 0.49
3 1.8859 0.0266 0.0142 0.0637 0.0007 0.2568 0.0030 0.0780 0.002 0 42.28 7.05 0.996 0.078 8.02 0.63
3.2 1.9569 0.0261 0.0141 0.0597 0.0011 0.2168 0.0031 0.0643 0.003 0 42.4 6.95 1.034 0.070 8.32 0.56
3.4 2.0815 0.0282 0.0154 0.0437 0.0010 0.4309 0.0036 0.0553 0.003 0 46.75 5.75 1.008 0.072 8.11 0.58
3.6 2.0069 0.0237 0.0145 0.0779 0.0011 0.3525 0.0032 0.0757 0.003 0 43.46 5.92 1.032 0.080 8.30 0.64
3.8 2.0952 0.0215 0.0157 0.0488 0.0016 0.1580 0.0035 0.0404 0.004 0 45.56 6.33 1.045 0.053 8.41 0.42
4 2.3138 0.0272 0.0159 0.0476 0.0021 0.1890 0.0044 0.0502 0.005 0 51.93 4.18 0.995 0.078 8.01 0.63
Total/Average 1.6674±0.0031 0.0143±0.0067 0.0013±0.0272 0.0021±0.0091 0.002 0 100 1.020±0.007
J = 0.004471±0.000010
Volume 39ArK = 773.99
Integrated Date = 8.24±0.12
Volumes are 1E-13 cm3 NPT
Neutron flux monitors: 28.02 Ma FCs (Renne et al., 1998)
Isotope production ratios: (40Ar/39Ar)K=0.0302±0.00006, (37Ar/39Ar)Ca=1416.4±0.5, (36Ar/39Ar)Ca=0.3952±0.0004,
Ca/K=1.83±0.01(37ArCa/39ArK).
Caldera Alunite
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Age (Ma)
Cumulative 39Ar Percent
Plateau age = 9.010.12 Ma
(2σ , including J-error of .5%)
MSWD = 1.11, probability=0.35
Includes 86.7% of the 39Ar
Plateau steps are filled, rejected steps are open box heights are 2σ
Caballo CB-1 Sericite
Sample: Caballo Blanco, El Porvenir Porphyry Sericite
Ag
e 
M
a
Caballo-CB-1 Sericite
Laser Isotope Ratios
Power(%) 40Ar/39Ar 38Ar/39Ar 37Ar/39Ar 36Ar/39Ar Ca/K Cl/K %40Ar atm f 39Ar 40Ar*/39ArK Age
 2.00 1.826±0.009 0.014±0.084 0.004±0.240 0.005±0.144 0.010 -0.000 66.23 1.69 0.507±0.195 9.47±3.64
 2.20 0.978 0.005 0.014 0.043 0.003 0.043 0.002 0.061 0.008 -0.000 47.39 13.44 0.468 0.030 8.75 0.56
 2.40 0.701 0.004 0.013 0.032 0.002 0.035 0.001 0.078 0.006 -0.000 23.26 26.35 0.496 0.014 9.26 0.26
 2.60 0.662 0.005 0.013 0.019 0.002 0.104 0.001 0.078 0.006 -0.000 21.01 21.90 0.478 0.013 8.93 0.24
 2.80 0.665 0.005 0.013 0.029 0.002 0.110 0.001 0.047 0.005 -0.000 20.08 15.66 0.480 0.008 8.97 0.15
 3.00 0.732 0.005 0.013 0.037 0.002 0.210 0.001 0.140 0.006 -0.000 23.50 7.66 0.490 0.032 9.15 0.60
 3.30 0.874 0.005 0.014 0.049 0.002 0.192 0.001 0.079 0.006 0.000 42.70 7.60 0.440 0.033 8.23 0.62
 3.60 1.055 0.007 0.015 0.060 0.003 0.190 0.002 0.084 0.008 0.000 52.89 3.92 0.419 0.053 7.83 0.99
 4.00 1.838 0.008 0.025 0.059 0.005 0.193 0.004 0.055 0.014 0.002 63.13 1.77 0.565 0.072 10.55 1.35
Total/Average 0.756±0.001 0.014±0.007 0.003±0.012 0.001±0.017 0.000 100.00 0.478±0.004
J = 0.010381±0.000010
Volume 39ArK = 1672.69
Integrated Date = 8.96±0.16
Volumes are 1E-13 cm3 NPT
Neutron flux monitors: 28.02 Ma FCs (Renne et al., 1998)
Isotope production ratios: (40Ar/39Ar)K=0.0302±0.00006, (37Ar/39Ar)Ca=1416.4±0.5, (36Ar/39Ar)Ca=0.3952±0.0004, 
Ca/K=1.83±0.01(37ArCa/39ArK).
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Initial 40Ar/36Ar =29325
MSWD = 1.4
data-point error ellipses are 2σ
Caballo CB-1 Sericite
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Plateau age = 8.2840.096 Ma
(2σ , including J-error of .5%)
MSWD= 0.78, probability=0.70
Includes 100% of the 39Ar
Plateau steps are filled, rejected steps are open box heights are 2σ
Caldera1185 Alunite
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Caldera1185 Alunite
36 Ar
40 A
Alunite
Laser Isotope Ratios
Power(%) 40Ar/39Ar 38Ar/39Ar 37Ar/39Ar 36Ar/39Ar Ca/K Cl/K %40Ar atm f 39Ar 40Ar*/39ArK Age
2 2.2318±0.0147 0.0157±0.0591 0.0010±0.1377 0.0041±0.0258 0.002 0 51.23 6.99 1.005±0.039 8.09±0.31
2.1 1.6732 0.0188 0.0146 0.0531 0.0010 0.2297 0.0021 0.0824 0.002 0 31.92 8.36 1.047 0.056 8.42 0.45
2.2 1.5799 0.0366 0.0141 0.0642 0.0007 0.2943 0.0019 0.0457 0.002 0 28.47 5.16 0.995 0.055 8.01 0.44
2.3 1.4468 0.0112 0.0138 0.0243 0.0009 0.1948 0.0013 0.0278 0.002 0 22.64 12.69 1.042 0.017 8.39 0.14
2.4 1.4947 0.0246 0.0135 0.0402 0.0009 0.4910 0.0015 0.0587 0.002 0 22.44 6.66 1.041 0.042 8.38 0.33
2.5 1.5319 0.0257 0.0144 0.0545 0.0009 0.4087 0.0016 0.0555 0.002 0 23.38 5.73 1.042 0.043 8.39 0.35
2.6 1.4963 0.0184 0.0140 0.0465 0.0007 0.3148 0.0016 0.0449 0.002 0 26.18 8.94 1.012 0.031 8.14 0.25
2.7 1.6318 0.0334 0.0130 0.0351 0.0007 0.3423 0.0020 0.0849 0.002 0 29.92 6.03 1.025 0.067 8.25 0.54
2.8 1.9607 0.0301 0.0148 0.0595 0.0014 0.3038 0.0032 0.0447 0.003 0 40.34 3.27 1.002 0.061 8.06 0.49
3 1.8859 0.0266 0.0142 0.0637 0.0007 0.2568 0.0030 0.0780 0.002 0 42.28 7.05 0.996 0.078 8.02 0.63
3.2 1.9569 0.0261 0.0141 0.0597 0.0011 0.2168 0.0031 0.0643 0.003 0 42.4 6.95 1.034 0.070 8.32 0.56
3.4 2.0815 0.0282 0.0154 0.0437 0.0010 0.4309 0.0036 0.0553 0.003 0 46.75 5.75 1.008 0.072 8.11 0.58
3.6 2.0069 0.0237 0.0145 0.0779 0.0011 0.3525 0.0032 0.0757 0.003 0 43.46 5.92 1.032 0.080 8.30 0.64
3.8 2.0952 0.0215 0.0157 0.0488 0.0016 0.1580 0.0035 0.0404 0.004 0 45.56 6.33 1.045 0.053 8.41 0.42
4 2.3138 0.0272 0.0159 0.0476 0.0021 0.1890 0.0044 0.0502 0.005 0 51.93 4.18 0.995 0.078 8.01 0.63
Total/Average 1.6674±0.0031 0.0143±0.0067 0.0013±0.0272 0.0021±0.0091 0.002 0 100 1.020±0.007
J = 0.004471±0.000010
Volume 39ArK = 773.99
Integrated Date = 8.24±0.12
Volumes are 1E-13 cm3 NPT
Neutron flux monitors: 28.02 Ma FCs (Renne et al., 1998)
Isotope production ratios: (40Ar/39Ar)K=0.0302±0.00006, (37Ar/39Ar)Ca=1416.4±0.5, (36Ar/39Ar)Ca=0.3952±0.0004,
Ca/K=1.83±0.01(37ArCa/39ArK).
Caldera 1185
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Plateau age = 19.61.5 Ma
(2σ , including J-error of .5%)
MSWD = 0.63, probability=0.64
Includes 92.4% of the 39Ar
Plateau steps are filled, rejected steps are open box heights are 2σ
Tuligtic Porphyry Sericite (f ine-grained)
Sample: Tuligtic Porphyry, Sericite 1
Ag
e 
M
a 36 Ar
40 Ar
TuligticPorphyry Sericite
Laser Isotope Ratios
Power(%) 40Ar/39Ar 38Ar/39Ar 37Ar/39Ar 36Ar/39Ar Ca/K Cl/K %40Ar atm f 39Ar 40Ar*/39ArK Age
2 30.405±0.026 0.048±0.105 0.039±0.129 0.094±0.051 0.103 0.004 91.55 7.6 2.500±1.247 46.27±22.78
2.1 7.974 0.014 0.020 0.038 0.012 0.278 0.025 0.109 0.029 0 93.02 15.55 0.511 0.804 9.55 15.00
2.3 6.693 0.016 0.021 0.136 0.016 0.098 0.018 0.177 0.041 0.001 79.69 13.47 1.278 0.958 23.81 17.73
2.5 3.737 0.009 0.016 0.114 0.022 0.043 0.009 0.117 0.06 0 67.51 19.97 1.129 0.303 21.04  5.61
2.8 2.743 0.017 0.019 0.164 0.035 0.096 0.006 0.052 0.097 0.001 58.57 26.89 1.054 0.088 19.65  1.64
3 2.798 0.015 0.019 0.229 0.062 0.047 0.006 0.269 0.172 0.001 63.12 16.53 0.927 0.504 17.29  9.36
Total/Average 6.195±0.003 0.021±0.031 0.046±0.013 0.017±0.023 0.001 100 1.044±0.115
J = 0.010390±0.000012
Volume 39ArK = 209.84
Integrated Date = 20.57±4.25
Volumes are 1E-13 cm3 NPT
Neutron flux monitors: 28.02 Ma FCs (Renne et al., 1998)
Isotope production ratios: (40Ar/39Ar)K=0.0302±0.00006, (37Ar/39Ar)Ca=1416.4±0.5, (36Ar/39Ar)Ca=0.3952±0.0004,
Ca/K=1.83±0.01(37ArCa/39ArK).
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data-point error ellipses are 2σ
Tuligtic Porphyry Sericite (f ine-grained)
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Plateau steps are filled, rejected steps are open box heights are 2σ
Tuligtic Porphyry Muscovite (coarse-grained )
Sample: Tuligtic Porphyry, Sericite 2
Ag
e 
M
a
TuligticPorphyry Muscovite
Laser Isotope Ratios
Power(%) 40Ar/39Ar 38Ar/39Ar 37Ar/39Ar 36Ar/39Ar Ca/K Cl/K %40Ar atm f 39Ar 40Ar*/39ArK Age
2 3.942±0.005 0.019±0.046 0.020±0.029 0.011±0.021 0.053 0.001 78.37 8.16 0.794±0.066 14.81±1.23
2.2 1.617 0.006 0.014 0.041 0.004 0.038 0.002 0.060 0.01 0 35.15 10.78 0.953 0.039 17.77 0.73
2.4 1.242 0.005 0.014 0.022 0.003 0.073 0.001 0.068 0.008 0 12.22 21.74 1.016 0.015 18.94 0.28
2.6 1.152 0.005 0.013 0.020 0.002 0.039 0.000 0.084 0.006 0 8.39 24.81 0.985 0.013 18.37 0.25
2.8 1.237 0.008 0.014 0.046 0.005 0.052 0.001 0.134 0.012 0 11.39 10.06 0.970 0.035 18.10 0.65
3 1.375 0.007 0.014 0.036 0.007 0.076 0.002 0.099 0.015 0 17.82 4.52 0.904 0.048 16.86 0.89
3.3 1.322 0.007 0.015 0.043 0.011 0.040 0.001 0.083 0.028 0 20.1 8.66 0.926 0.033 17.27 0.61
3.8 1.384 0.006 0.018 0.042 0.021 0.033 0.002 0.057 0.057 0.001 23.86 7.36 0.912 0.027 17.01 0.51
4.5 1.870 0.007 0.022 0.046 0.030 0.048 0.004 0.100 0.079 0.002 46.11 3.9 0.829 0.105 15.47 1.96
Total/Average 1.430±0.001 0.015±0.006 0.011±0.005 0.002±0.012 0 100 0.902±0.005
J = 0.010390±0.000012
Volume 39ArK = 650.72
Integrated Date = 17.74±0.20
Volumes are 1E-13 cm3 NPT
Neutron flux monitors: 28.02 Ma FCs (Renne et al., 1998)
Isotope production ratios: (40Ar/39Ar)K=0.0302±0.00006, (37Ar/39Ar)Ca=1416.4±0.5, (36Ar/39Ar)Ca=0.3952±0.0004,
Ca/K=1.83±0.01(37ArCa/39ArK).
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Age = 17.780.95 Ma
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data-point error ellipses are 2σ
Tuligtic Porphyry Muscovite (coarse-grained -- altered biotite?)
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Cumulative 39Ar Percent
Plateau age = 4.4040.069 Ma
(2σ , including J-error of .5%)
MSWD = 0.65, probability=0.52
Includes 41.5% of the 39Ar
Plateau steps are filled, rejected steps are open box heights are 2σ
TG-3 Illite
Sample: Tuligtic Epithermal Illite
Ag
e 
M
a
Tuligtic Epithermal, illite
Laser Isotope Ratios
Power(%) 40Ar/39Ar 38Ar/39Ar 37Ar/39Ar 36Ar/39Ar Ca/K Cl/K %40Ar atm f 39Ar 40Ar*/39ArK Age
2 3.0250±0.0283 0.0343±0.0386 0.0275±0.0319 0.0098±0.0335 0.071 0.004 94.8 4.35 0.114±0.097 0.91±0.77
2.2 1.8763 0.0177 0.0231 0.0247 0.0225 0.0409 0.0047 0.0288 0.059 0.002 71.08 8.13 0.473 0.042 3.79 0.34
2.4 1.3131 0.0154 0.0150 0.0400 0.0101 0.0454 0.0021 0.0647 0.026 0 41.43 9.06 0.668 0.043 5.34 0.35
2.6 0.8197 0.0146 0.0126 0.0442 0.0046 0.0308 0.0006 0.1361 0.012 0 7.7 11.34 0.637 0.025 5.10 0.20
2.8 0.7047 0.0147 0.0125 0.0449 0.0033 0.1026 0.0004 0.1526 0.008 0 1.07 12.01 0.577 0.019 4.61 0.15
3 0.6836 0.0098 0.0118 0.0265 0.0027 0.0435 0.0003 0.1761 0.007 -0.001 0.83 13.62 0.568 0.018 4.54 0.14
3.2 0.6694 0.0165 0.0124 0.0373 0.0020 0.0813 0.0004 0.1613 0.005 0 2.66 10.96 0.524 0.023 4.19 0.18
3.5 0.6595 0.0135 0.0126 0.0241 0.0020 0.0364 0.0003 0.1376 0.005 0 0.51 15.48 0.555 0.014 4.44 0.11
3.8 0.6526 0.0086 0.0128 0.0243 0.0018 0.0633 0.0003 0.0971 0.004 0 2.49 15.06 0.535 0.011 4.28 0.09
Total/Average 0.8486±0.0029 0.0145±0.0055 0.0085±0.0062 0.0009±0.0140 0.016 0 100 0.547±0.004
J = 0.004440±0.000014
Volume 39ArK = 1066.14
Integrated Date = 4.37±0.07
Volumes are 1E-13 cm3 NPT
Neutron flux monitors: 28.02 Ma FCs (Renne et al., 1998)
Isotope production ratios: (40Ar/39Ar)K=0.0302±0.00006, (37Ar/39Ar)Ca=1416.4±0.5, (36Ar/39Ar)Ca=0.3952±0.0004,
Ca/K=1.83±0.01(37ArCa/39ArK).
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40Ar
Age = 4.440.13 Ma
Initial 40Ar/36Ar =820360
MSWD = 0.77
data-point error ellipses are 2σ
